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Abstract 
Rhododendron ponticum, introduced to the British Isles in 1763, has 
become a noxious invasive pest species, particularly in the west. 
Material of R. ponticum and its close allies in subsection Pontica were 
subjected to chloroplast DNA RFLP analysis. A preliminary phylogeny based 
on all cpDNA variation detected is presented. Suggestions regarding the 
interrelationships of these species are made, and a cpDNA-type of unknown 
taxonomic identity is tentatively identified. 
Chloroplast DNA differences were detected between native material of 
R. ponticum from Turkey, Spain and Portugal. Based on these differences, it 
was determined that approximately 90% of material naturalised in the British 
Isles originates from Spain and 10% from Portugal. These two types of 
material occur in roughly the same proportion throughout the British Isles. 
About 10% of naturalised accessions were found to contain an rDNA 
marker indicating nuclear introgression from R. catawbiense. Introgressed 
individuals are shown to be most common in the coldest region of the British 
Isles surveyed, i.e. E. Scotland, and it is suggested that introgression from R. 
catawbiense may confer increased frost tolerance to R. ponticum. The 
occurrence of the rDNA marker was not correlated with that of morphological 
markers indicating introgression. Correlations were found between 
morphological characteristics, which may result from introgression from 
cultivated species, such as R. maximum. Molecular evidence for the 
involvement of R. maximum in the ancestry of British R. ponticum was 
found in two accessions which resembled R. maximum. in certain 
morphological characteristics. It was established that another unidentified 
species was involved in the parentage of naturalised material. 
Five natural hybrid combinations amongst Turkish Rhododendron 
species were detected using morphological, cpDNA and nuclear rDNA 
markers. These were R. ponticum x R. ungernii, with introgression in both 
directions; R. ponticum x R. smirnovii; R. smirnovii x R. ungernii with 
introgression at least towards R. ungernii; R. smirnovii x R. caucasicum; and 
R. ponticum x R. caucasicum. The unusual characteristics of the last 
combination are discussed in some detail. 
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Chapter 1 
Introduction 
"The deceptively beautiful purple bloom of the 
Ponticum strain has found its evil way into the gardens 
the Queen Mum planned and built with her late 
husband King George VI. 
'They spread like wildfire, like something out of a 
horror movie' said a forestry commission spokesman. 
'They kill anything that comes into their path' said the 
boffin, who does not know about the danger to the 
Queen Mum" 
Jack Cant, 
"Killer Plants Stalk Queen Mum", 
The Sunday Sport, c. 1987. 
1 
1.1 The native distribution of Rhododendron ponticum 
Rhododendron ponticum, as a native plant has a distribution centred 
around the south and west coasts of the Black Sea, but with disjunct outliers in 
Lebanon and three small areas in the Iberian Peninsula (fig. 1.1). The 
principal area of R. ponticum's occurrence stretches from the Caucasus 
mountains east of the Black Sea, into NE. Turkey, then across the north coast 
of Turkey where it borders the Black Sea, and into the European portion of 
Turkey west of Istanbul and the far southeast corner of Bulgaria, where it 
occurs in a range of hills called the Istranca Daglari. It is absent in lowland 
areas (such as between Istanbul and the Istranca Daglari), but does occur at or 
close to sea level where the slopes of hills or mountains rise up from the sea, 
as observed at Hopa in NE. Turkey and Kiyikoy in the Istranca Daglari area 
(pers. obs.). As all the material collected from the area around the Black Sea 
was collected from Turkey, this area will henceforth be referred to as "Turkey" 
when comparisons with the Iberian Peninsula are made. 
In the Iberian Peninsula, R. ponticum occupies three disjunct areas. The 
first of these is SW Spain, where it occurs in an area stretching from the 
mountain range of Nino and Bujeo close to Algeciras on the coast, north to 
Sierra del Aljibe (Sales, 1997). The second area is in SW Portugal, where it is 
found along tributaries of the rivers Seixe and Odeleuca north of Monchique, 
and also occurs occasionally on hillsides at higher altitudes and amongst the 
Brejeira mountains further north, thus occupying an area about 20 km in 
diameter (Sales, 1997). Thirdly, R. ponticum occurs further north in Portugal, 
in the River Vouga basin, where the majority of plants occur in and around 
the Cambarinho reserve in the Caramulo mountain range (Sales, 1997). In the 
Portuguese localities the soil is consistently found to be acidic (pH 4.7-6.3, Sales, 
1997) whereas the Spanish localites are within 30 km of Grazalema, the area 
with the highest rainfall in the country (Sales, 1997). 
The populations in Lebanon resemble those in both Turkey and the 
Iberian Peninsula in that they exist on mountain slopes within 50 miles of a 
sea (in this case the Mediterranean). 
Fossil finds shed some light on how this disjunct distribution came 
about. R. ponticum has been identified from at least six fossil deposits in the 
region of the Alps (Fig 1.1; Jessen et £!L 1959), of which the most significant is 
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Fig. 1.1 Current native distribution and fossil finds of Rhododendron ponticuln 
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that at Hotting, near Innsbruck, which has been confidently dated to the 
Mindel-Riss interglaciat (Jessen et ill.:.t 1959). Thus it is likely that R. ponticum 
reached the Iberian Peninsula during this period, and that this was the last 
period when the ancestors of the Iberian and Turkish material were parts of a 
continuous population. 
Fossil finds of capsules and seeds of R. ponticum in an interglacial 
deposit near Gort show that R. ponticum also reached Ireland during the 
Mindel-Riss interglacial (Jessen 1948; Jessen et al., 1959). This does not 
necessarily indicate that R. ponticum was pre-adapted to the current Irish 
climate. Jessen et ~ (1959) used the overall floristic compositions of the 
deposits at Gort and in the Alps to hypothesise that a relatively warm and wet 
climate existed over a large part of Europe during the Mindel-Riss interglacial, 
and that the climate and flora of Ireland at that time was more similar to that 
of the Caucasus than that of present-day Ireland. 
R. ponticum appears now to have retreated in Europe to the restricted 
distribution observed today. In the Iberian Peninsula, populations are 
confined to streamsides, wet hillside flushes and occasionally open areas at 
high altitudes (Sales, 1997; Jessen et ill.:.t 1959; Dr. 1. Hedge, pers. comm; pers. 
obs.) and are described by Bean (1976) as "at the limit of their climatic 
tolerance". Most of R. ponticum's distribution in Turkey and in its Iberian 
localities fall within a region of 50-100 cm annual rainfall (Strahler & Strahler, 
1987), the exception being the extreme northeast of Turkey where the rainfall 
exceeds 100 cm. In Turkey, annual rainfall decreases dramatically with 
distance away from the Black Sea, dropping to below 20 cm just 250 miles 
south in the centre of the country (Strahler & Strahler, 1987). The mean June 
temperatures in the two regions are also similar, falling between 20 and 25°C 
in the Iberian Peninsula and most of Turkey's north coast, and just exceeding 
25°C in the far northwest of Turkey (de Blij & Muller, 1993; Selby, 1971). The 
mean January temperature is more varied across R. ponticum's distribution: 
in the three Iberian localities it is slightly over 10oC, and in NW. Turkey it is 
also around 10oC, but it decreases steadily eastwards to just below DoC in the far 
northeast (de Blij & Muller, 1993). 
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1.2. The ecology of introduced R. ponticum 
The ecology of naturalised R. ponticum in the British Isles has been 
described in detail by Cross (1975). The plant is an evergreen shrub with leaves 
up to 220 mm long and 9600 mm2 in total area (Cross, 1975). Its height ranges 
from 2-8 m, with shorter and more compact specimens occurring in open 
habitats and taller, laxer ones in shadier situations (Cross, 1975). Flower 
production commences at approximately 12 years old (Cross, 1975), and a large 
specimen can produce over a million seeds in a season (Brown, 1953a; Cross, 
1975). Dispersal distances of 50 m in the open and 15 m in woodland appear to 
be usual (Brown, 1953b), but longer dispersal distances do occur (Rotherham, 
1986a & b). In certain situations, particularly where exposed to high winds, 
seeds travel much greater distances (Rotherham, 1986b) and may establish 
colonies 1 km from the parent plant (Rotherham, 1986b). It is, however, very 
uncommon to find single plants such a distance away from populations (pers. 
obs.). Possibly the frequent failure of long-distance dispersed seeds to establish 
is due to herbivores only avoiding the plant once they have learned its 
unpalatability (see below). Plate 1.1 shows a large number of seedlings 
establishing beside a stand of mature plants in Knapdale, W. Scotland. 
Vegetative reproduction is limited to rooting from lateral branches, 
which are not strongly held above the ground and will root if touching it 
(Cross, 1975); this allows the lateral spread of individual bushes but does not 
aid in the colonisation of new areas. Mature plants of this species are avoided 
by grazers because of the poisons (e.g. andromedo toxin) they contain (Cross, 
1975; Rotherham, 1990) and other than deaths from frost during the 
exceptionally cold winter of 1894-5 (Field, 1895), there appears to be nothing in 
the British environment which kills more than an insignificant proportion of 
mature plants of this species. Seedlings, on the other hand, are more 
vulnerable. These may be killed by grazing (see below); and are susceptible to 
competition (Cross, 1975, Simons, 1988; Rotherham, 1990), drought (Cross, 
1975), burial by leaf litter and trampling (Simons, 1988). For these reasons, 
germination of seedlings tends to occur in bare habitats, such as can be created 
by various forms of habitat disturbance. Plate 1.2 shows how a large number of 
plants of apparently the same age can result from a past disturbance event such 
as the felling of a plantation allowing a large number of seedlings to establish. 
R. ponticum's ability to invade, and spread in, an area is thus partly 
determined by the activity of humans and animals; this is discussed further in 
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Plate 1.1: a mature stand of naturalised Rhododendron ponticum In 
Knapdale, W. Scotland. 
Note the seedlings amongst the moss and grass in the foreground. 
Plate 1.2: Young plants of Rhododendron ponticum of similar age, In a 
clearing in a pine plantation, Connemara, W. Ireland. 
the following section. Plants were recorded by Cross (1975) growing on soils 
with pH 3.3-5.0, while populations were less frequently recorded in soils with 
pH from over 5.0 to 6.4, and such plants tended to show mineral imbalances. 
Grazing animals may facilitate or inhibit the spread of R. ponticum. 
This paradox appears to stem from the unpalatability of R. ponticum being 
learnt, rather than sensed, by herbivorous mammals (Freeland & Jansen, 1974). 
Initial invasion of an area can apparently be prevented by the grazing of sheep, 
fallow deer or rabbits (Rotherham, 1990; Fuller & Boorman, 1977), if this is 
sufficiently intensive. Seedlings are less unpalatable than adult plants 
(Rotherham, 1990), and if only small numbers are present, then herbivores 
would probably remove them all before they learned to avoid the species. 
Insignificant damage is done to adult plants of R. ponticum by grazing (Cross, 
1975; Rotherham, 1990; Rotherham & Read, 1988), and where it is established 
(Fuller & Boorman, 1977), or grazing pressure is lighter (Rotherham, 1990), 
grazers are ineffectual at checking the spread by seed of R. ponticum, 
presumably because they learn to avoid the species without removing all 
plants of it in the process. Once R. ponticum is established, grazing animals 
such as sheep instead give it a competitive advantage over more palatable 
native shrubs, and further assist its spread by disturbing the ground (Simons, 
1988). Introduced Sika Deer in Killarney have assisted the spread of R. 
ponticum in the same way (Kelly, 1981). Unnaturally high numbers of red 
deer, a native herbivore, in Scotland (Callender & Mackenzie, 1991; Red Deer 
Commission, 1988) may also have some or all of the same effects on R. 
ponticum as do sheep. 
The damage done by R. ponticum to native plant communities has been 
well-documented. Mature plants of R. ponticum stifle competition in at least 
three ways. Firstly, they shade out 98% of total light, as compared to 91 % by an 
oak/holly canopy (Cross, 1975). Secondly, they inhibit growth of other plants 
in the surrounding soil by allelopathy, i.e. poisoning the surrounding soil with 
short-chain aliphatic acids or simple phenols CRotherham & Read, 1988; 
Rotherham 1990). Finally, in common with other members of the Ericaceae, 
its roots have mycorrhizae which increase its ability to compete for soil 
nutrients, which tend to be limited in the habitats where it grows (Rotherham 
& Read, 1988; Simons, 1988). The latter two effects may persist for a while in 
the soil if the Rhododendrons are removed, and will give Rhododendron 
seedlings an advantage over competitors. In ideal conditions R. ponticum can 
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form a complete mono culture in which no other plant species can survive; 
plate 1.3 illustrates such a colony on a Welsh hillside. Perhaps the first record 
of R. ponticum having a directly detrimental effect on a native species is 
Turner & Watt's (1939) observation that it was beginning to replace Holly in 
the oakwoods of Killarney (SW Ireland). It has since spread in parts of this 
area to an extent where it threatens to extinguish all other species, including 
oak, from the areas where it grows (Kelly, 1981; Cross, 1981; pers. obs.). 
Aside from grazing mammals, R. ponticum has few natural enemies in 
the British Isles. Elton (1958) was optimistic that R. ponticum would 
ultimately be kept in check by introduced organisms, and that this might 
happen without any deliberate intervention. He mentioned four introduced 
insects, of which the most significant was the jassid bug Graphocephala 
coccinea (= G. fennahi), which carries the disease Bud Blast (Pycnosteanus 
azaleae). Recent studies, however, have shown that insects continue to have 
little effect on naturalised R. ponticum (Judd & Rotherham, 1992). Some 
species such as the tingid bug Stephanitus rhododendri, which Cox & 
Hutchinson (1963) noted doing moderate damage to R. ponticum in Turkey, 
have declined sharply since Elton's (1958) time (Judd & Rotherham, 1992). 
Judd & Rotherham (1992) did not consider any of the 31 species recorded on 
naturalised R. ponticum to be capable of damaging it significantly, except in 
unusual circumstances. They did, however, mention that an unknown 
herbivore has damaged native plants in Portugal. It has been suggested that 
the lack of herbivores on R. ponticum is due to its alien status and its 
taxonomic isolation in the British Isles (Elton, 1958). However Judd & 
Rotherham (1992) observed that Buddleia davidii, which has been present in 
the British Isles for half as long as R. ponticum, and unlike R. ponticum is the 
only member of its family in the British flora, has a more extensive associated 
fauna. Rotherham & Read (1988) suggested instead that the lack of herbivore 
damage is due instead to the chemical defences of the leaves, and that 
herbivore damage is similarly limited in the native range of other 
Rhododendron species. 
1.3. The history and spread of Rhododendron ponticum in the British Isles. 
Rhododendron ponticum was introduced to the British Isles by Conrad 
Loddiges in 1763 (Loudon, 1838), and the first plants were introduced from 
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Plate 1.3: A hillside in Snowdonia, Wales, clothed by a monoculture of 
pure Rhododendron. 
Note: the absence of Rhododendrons in the part of the hillside enclosed by the 
track may reflect its sensitivity to different management regimes. 
Plate 1.4: A population of Rhododendron plants regrowing strongly 
from cut stumps. Blea Tarn, Lake District, NW England. 
"Gibraltar" (i.e. SW Spain; Coats, 1963). Later Curtis (1803) recorded that the 
species "has since been raised from seeds imported from Asia". Throughout 
its cultivated history, hybrids with R. catawbiense and R. maximum formed 
both naturally and by deliberate hybridisation, and crosses were also made with 
other species, notably R. arboreum The available historical evidence of these 
hybridisations is discussed in greater detail in the introduction to Chapter 5. 
For most of the 19th century, R. ponticum appears to have been expensive to 
buy (Michalak, 1976), and up until 1879 was therefore less popular for planting 
than other evergreen species (Michalak, 1976). By 1879, the planting of 
evergreens for game cover was commonplace, but the exceptionally cold 
winter of 1879-1880 killed large numbers of those evergreens whose relative 
cheapness had made them the most popular planting choices, e.g. Prunus and 
Mahonia (Michalak, 1976). Rhododendron ponticum stood up well to this 
frost, and its popularity hence began to increase as game cover (Michalak, 
1976). As early as 1849 Rhododendrons were beginning to self-sow on some 
estates (Hooker, 1849), and by 1886 the sale of large numbers of such seedlings 
had dramatically reduced the cost of acquiring the plant for cultivation (J.5.W., 
1886). Following this, R. ponticum became popular as an ornamental species 
and was planted "by the million" (Michalak, 1976), while presumably all other 
Rhododendron species and hybrids remained much more expensive than 
these self-sown seedlings. The winter of 1894-1895 was even more severe than 
that of 1879-1880 (Michalak, 1976) and a large number of R. ponticum 
individuals this time succumbed completely or were seriously disfigured, thus 
incurring the displeasure of some writers (Field, 1895). It is noteworthy that 
individuals of R. catawbiense and certain hybrids appear to have been 
undamaged by the frost of this winter (Field, 1895). After this point R. 
ponticum seems to have declined in popularity for a variety of reasons, 
although it continued to be used as a grafting stock, from which full plants 
often arose eventually (Michalak, 1976). 
Hooker's (1849) observation of seedlings suggests that self-sowing by R. 
ponticum has been happening through at least the majority of its cultivated 
history, and naturalisation may have been a gradual process to begin with. 
Perhaps because the plant was already familiar as planted individuals in wild 
areas, naturalists paid little attention to it at first (Cross, 1975; Rotherham, 
1986a & b). This poor recording makes it difficult to accurately document the 
spread of R. ponticum during the present century, but Rotherham's (1986a, b & 
1990) studies on its spread in the Sheffield area illustrate the general pattern. 
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In this area, R. ponticum has colonised suitable habitats only where these are 
close to planted stands, and thus has a very patchy distribution. As discussed 
above, establishment from seed far from parent plants appears to be rare. 
Therefore, the spread of R. ponticum seems to have taken the form of slow 
encroachment from areas in which it was planted. 
In the last 50 years, the spread of R. ponticum appears to have 
accelerated. This may be, in part, due a larger number of plants reaching 
flowering age, increasing the number of seeds produced. A significant factor is, 
however, the general change in human land use in recent times (Simons, 
1988). Disturbed sites in semi-natural habitats are created by a variety of 
human activities such as forest planting and clear-felling, and especially by the 
creation of large tracks through woodland. These provide conditions ideal for 
the establishment of R. ponticum, (Simons, 1988) as during the early stage of 
its life it is sensitive to competition (Cross, 1975; Rotherham, 1990). R. 
ponticum also establishes readily after burning (Cross, 1975; Simons, 1988; 
Rotherham, 1990). The increased use of grazing animals, especially sheep, 
appears to have led to an overall increase in R. ponticum's speed of spread 
(Simons, 1988), although in some sites, as discussed above, it may have 
inhibited invasion. The steady increase in red deer numbers in Scotland in 
recen t times (Red Deer Commission, 1988) is likely to have benefited R. 
ponticum in a similar manner. 
Myxomatosis and the abandonment of rabbit warrens in the 1950s 
benefited R. ponticum not only by temporarily relieving grazing pressure 
(Fuller & Boorman, 1977; Rotherham, 1990) but also by leaving bare ground 
around deserted warrens where R. ponticum could establish (Fuller & 
Boorman, 1977). 
1.4. Control of R. ponticum 
As early as 1953, investigations were being conducted into the viability 
of mechanical and chemical means of destroying R. ponticum in the British 
Isles (Brown, 1953b). Simons (1988) reviewed the attempts that have been 
made to eradicate R. ponticum from naturalised sites. If the shoots are cut at 
ground level, multiple new shoots will arise from the stump, and the plant 
thus recovers quickly (Simons, 1988). Plate 1.4 shows copious regeneration 
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from cut stumps at a site in the Lake District, England. Both physical removal 
by machinery and destruction by burning tend to fail in the long term because 
these activities destroy native vegetation, and by disturbing the ground and 
removing competitors therefore create new sites ideal for seedling 
establishment. An additional problem with mechanical removal is that in 
areas with an especially mild and wet climate (e.g. Kintyre, W. Scotland), 
uprooted plants or parts thereof may root and grow into new plants if left lying 
on the ground (P. Batty, pers. comm.). Physical removal by human volunteers 
avoids these problems, but is highly time-consuming. Rhododendron 
ponticum is resistant to many herbicides; apart from Glyphosate (Simons, 
1988) and Ammonium sulphamate and 2,4,5-T (Cross, 1975) most have little or 
no effect on the plant (Cross, 1975). Moreover, these chemicals are not 
translocated throughout the plant and therefore must be applied to every 
shoot in order to kill an individual, which in turn means that the process is 
highly time-consuming (Simons, 1988). Following removal of adult plants by 
whatever means, the soil may form a baked crust which inhibits colonisation 
by other species (Cross, 1975) and therefore Rhododendron seedlings are likely 
to establish in quantity on the cleared site, and their removal will further add 
to the cost of control. It has been estimated that in one of the worst affected 
areas, the Snowdonia National Park, the eradication of R. ponticum will cost 
£30 million (Simons, 1988). 
Biological control has been used to reduce greatly populations of 
introduced plant species where other control methods have had little effect. 
An early example was the successful control of Hypericum perforatum 
(Huffacker & Kennett, 1959), and, recently, populations of the purple 
loosestrife, Lythrum salicaria in N. America have been reduced by up to 95% 
by four introduced insects (Coghlan, 1997). The introduction of these 
biocontrol agents on L. salicaria followed 10 years of research on the biology 
and population genetics of the plant and into the feeding behaviour of its 
natural enemies (Coghlan, 1997; Strefeler et al. 1996; Malecki et ill:.., 1993). 
Malecki et 9l (1993) listed the characteristics of an introduced plant 
species which would make it an ideal candidate for biological control. R. 
ponticum has four of these attributes: it is an introduced perennial, it occurs 
in stable habitats, it has many unfilled niches for exploitation by natural 
enemies, and it is taxonomically isolated from native species. This last point is 
illustrated by the phylogenetic analysis of Kron (1996), which placed all species 
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of Rhododendron in a clade separate from Ericaceous genera native to the 
British Isles. Lythrum salicaria, by contrast, has a congener, L. alatum, which is 
native in its introduced range but nonetheless was not preferentially attacked 
by the proposed biocontrol agents (Strefeler et al., 1996). However, R. 
ponticum has yet to fulfill the most important criterion, i.e. the discovery of 
even a single effective natural enemy (Judd & Rotherham, 1992). Biological 
control is often most effectively achieved by more than one organism which 
attack different areas of the plant and thus do not compete directly (James et al. 
(1992). The taxonomic isolation of R. ponticum from native species, and the 
wide distribution of the genus Rhododendron, indicates that genus- but not 
species- specific enemies might exist. However, R. ponticum lacks a second 
important attribute in that it is not taxonomically isolated from some 
economically important species, i.e. ornamental Rhododendrons. This would 
cause problems especially if genus specific enemies, suggested above, were 
discovered. Finally, R. ponticum in the British Isles does not have a 
continuous distribution, and thus a nationwide spread of an introduced 
enemy might be difficult to achieve unless the organism were highly mobile. 
In practice, localised introductions of non-mobile organisms might be the only 
strategy which would affect naturalised populations, while minimising the 
risk to cultivated Rhododendrons. 
At present, therefore, the process of achieving biological control is at a 
very early stage, and with many obstacles to overcome there is no guarantee it 
will be achieved. At such an early stage, information regarding the genetic 
nature of the introduced populations will be of value in directing research 
towards control methods. 
In the case of R. ponticum, if the area of origin of the naturalised 
populations could be determined, this could provide a suggestion of the best 
place to look for compatible natural enemies within its native distribution. 
However, R. ponticum in the British Isles appears to have been introgressed by 
other cultivated species (see section 5.1), but the extent of the introgression is 
not known. Therefore, it is not certain how genetically similar the naturalised 
populations are to native populations of R. ponticum, or any other species. If, 
for example, the British Isles material is derived from hybrids between R. 
ponticum and R. catawbiense, as Cox & Hutchinson (1963) suggest, then a 
search for a genus-specific enemy or a natural enemy of R. catawbiense might 
be as productive as seeking a specific feeder on R. ponticum. 
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1.5. Molecular markers and introduced R. ponticum 
In the current study, it was intended to use molecular markers to learn 
as much as possible about the naturalised populations of Rhododendron 
ponticum. It was hoped that such markers would provide information 
concerning four questions about the naturalised populations: 
The primary goal was to determine the naturalised material's principal 
(or sole) country of origin. This has been achieved for other introduced and 
cultivated (crop) species. Novak & Mack (1993) used allozyme markers to 
show that most naturalised populations of Bromus tectorum in N. America 
originate from an area of central Europe. Williams et al. (1994) used RAPD 
markers to demonstrate that the alien pest species Listronotus bonariensis was 
introduced to New Zealand and Australia from the Rio de la Plata region of S. 
America. Examples of the use of molecular markers to determine a crop's 
original area of origin include the use of nuclear RFLPs on cotton (Gossypium 
hirsutum; Brubacker & Wendel, 1994), and the use of cpDNA RFLPs on pea 
(Pisum sativum; Palmer et ~ 1985). 
Secondly, it was intended to identify and detect markers indicating the 
influence of other species, such as R. catawbiense, through introgression. The 
use of molecular markers to detect introgression between native species is 
widespread and has been reviewed by Rieseberg & Wendel (1993). Studies 
which use molecular markers to demonstrate introgression into a naturalised 
species, into a cultivated species, and from a cultivated species into a wild one, 
may all be especially comparable to events in the recent history of R. ponticum. 
Examples of the demonstration of introgression into a naturalised species 
include Lythrum salicaria, using isozymes, CStrefeler g1 al., 1996) and 
Helianthus annuus, using cpDNA RFLPs (Rieseberg et al. 1990a). Introgression 
into a crop species has been demonstrated in both cotton (Gossypium 
hirsutum; Brubacker & Wendet 1994) and pea (Pisum sativum; Palmer et ~ 
1985). Crop to weed gene flow has been demonstrated in Sorghum using 
isozymes (Arriola & Ellstrand, 1996); and gene flow in both directions was 
demonstrated using isozymes and morphometry in Pennisetum (Marchais, 
1993). 
I I 
Thirdly, assuming that molecular variation was detected within the 
naturalised populations, it was intended to use such variation to deduce their 
history since being brought into cultivation. The pattern of spread of an 
introduced species can be traced without molecular markers if sufficient 
floristic records exist (e.g. Impatiens glandulifera; Pysek & Pracht 1995). 
However such information rarely answers the question of whether multiple 
introductions to the wild were derived from the same or different cultivated 
stock. Patterns in the distribution of molecular markers amongst naturalised 
populations can provide insights into the populations' recent history. Novak 
et ill..:. (1993) found that the distribution of allozyme markers amongst 
naturalised populations of Bromus tectorum in N. America indicated multiple 
introductions from different source populations, which they suggested could 
partially offset the loss of genetic diversity which usually accompanies an 
introduction event The similarity observed between Australian and New 
Zealand populations of Listronotus bonariensis, on the other hand, indicated a 
single source of introduction for both areas (Williams et al., 1994). Also 
comparable are studies of patterns of genetic variation in species for which the 
range has expanded not through introduction but by human extension of their 
habitat. Two examples are Stone & Sunnucks' (1993) investigation of the 
gallwasp Andricus quercuscalis using allozymes and Vellekoop et gl's (1996) 
study of the weed Silene latifolia. The latter study illustrates how past human 
activity (in this case the spread of agriculture) can be tentatively deduced from 
plant genetic information. Human activity has been at least as important in 
determining the current distribution and genetic make-up of naturalised 
populations of R. ponticum as have been "natural" events following 
na turalisa tion. 
A final objective was a comparison between the distribution of 
molecular and morphological characteristics amongst naturalised material. 
Correlations between characteristics acquired through hybridisation may 
indicate from which species certain morphological characteristics observed in 
naturalised R. ponticum have been acquired. 
How much can be learned from molecular variation within and 
amongst naturalised populations of R. ponticum will depend therefore on the 
nature, amount and distribution of molecular variation which is resolved. 
This in turn will be determined in part by the choice of molecular marker 
system that is employed. 
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1.6. Additional objectives. 
Two further objectives were added to the study following its 
commencement. During a collecting trip to Turkey, specimens were 
encountered which appeared, from their morphology, to represent at least four 
different hybrid combinations or their derivatives. Kron et ~ (1993) had 
successfully demonstrated the hybrid origin of Rhododendron hybrids using 
morphology and a small number of molecular markers, and so material of 
these putative hybrids was collected, together with apparently pure material of 
each of the four suspected parent species. It was thus intended to use both 
cpDNA and rDNA RFLPs, plus simple morphological characters, to identify 
the maternal and paternal parents of each individual. 
Secondly, it was decided that a phylogeny of the close relatives of R. 
ponticum would be of value to provide background to the other studies. As 
the other additional objectives made it necessary to survey at least 6 species 
other than R. ponticum for molecular markers, relatively little extra effort 
would be required to expand the survey to include all members of subsection 
Pontica and four selected other species. Subsection Pontica contains R. 
ponticum, the three other species in Turkey between which putative hybrids 
were found, and also R. catawbiense and R. maximum, which are suspected of 
involvement in the naturalised populations. The phylogeny could assist in 
the interpretation of possible hybridisation events, aid the identification of 
unknown cpDNA haplotypes found among naturalised material, and possibly 
provide information regarding the phytogeography and past evolution of 
subsection Pontica. The time and resources available for this objective would 
be limited as the other aims of the project were given a higher priority, and 
thus it was anticipated that this phylogeny might be based on fewer characters 
than would be ideal, and that the nature of some of these might not be 
determined. 
1.7. The selection of a molecular marker system. 
To use molecular markers to identify the source of ongm of an 
introduced population, infraspecific variation must occur and be detected. For 
the variation to be of use in such a study, there must be consistent differences 
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between potential source populations. Frequency differences may not be 
adequate as any introduced population is likely to have gone through a 
bottleneck on the way to its new environment. However, if sufficient markers 
are detected then cluster analysis may be used to avoid this problem (Williams 
et £!.L 1994). Both RAPD (Williams et al. 1994) and allozyme (Novak & Mack 
1993) markers have been used to trace the origins of introduced species. 
Rhododendron in the British Isles would however present an additional 
problem if a nuclear marker were to be employed. Both historical and 
morphological evidence (reviewed in Chapter 5) exists that R. ponticum in the 
British Isles has been introgressed by more than one other species. This 
contamination of the nuclear genome with DNA from other cultivated species 
would be likely to obscure the results of any analysis which used nuclear 
markers to analyse intraspecific variation. It is often not possible to determine 
which species (there may be several) are involved, and this would further 
complicate attempts at interpretation. 
This problem can be easily avoided by using a marker which is not 
subject to recombination. The chloroplast DNA molecule fulfils this 
requirement, and has been used to answer a wide range of evolutionary 
questions (Soltis et £1L 1992a; Olmstead & Palmer 1994; Palmer et £1L 1988). 
The most straightforward technique for examining cpDNA variation is 
RFLP (restriction fragment length polymorphism) analysis. In this technique, 
the chloroplast genome is cut by enzymes which recognise specific 4- or 6- base 
sequences, and the sizes of the resulting fragments from specific portions of the 
genome are determined. Mutations can then be inferred from differences in 
fragment lengths between individuals. This technique had the advantage that 
once a polymorphism was detected, it would be a relatively fast process to 
survey a large number of naturalised accessions to determine the state of each. 
This technique has been frequently used to generate phylogenies at the 
infrageneric level (Spooner & Castillo (1997) is a recent example) and in 
distinguishing between the plastome types of hybridising species (e.g. see 
reviews by Rieseberg & Ellstrand (1993) and Rieseberg & Wendel (1993); Caputo 
et al. (1997) is a recent example). 
To survey putative hybrid derivatives in both native and introduced 
material, a nuclear marker would also be desirable. Nuclear RFLPs have 
frequently been used in concert with cpDNA RFLPs in studies of hybridisation, 
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as the methodology for both techniques is almost identical and this therefore 
saves time. Examples of this include Caputo et aL (1997), Wallace & Jansen 
(1995), Rieseberg et aL (1990b), Rieseberg et aL (1991), and Wolfe & Elisens 
(1995). To achieve all the objectives set out above, it would thus be necessary 
to detect interspecific variation using both cpDNA and rDNA RFLPs. To 
achieve the central objective of tracing the area of origin of naturalised 
material of R. ponticum, however, the detection of infraspecific cpDNA RFLP 
variation would be cruciaL 
1.8. Infraspecific cpDNA variation. 
Infraspecific cpDNA variation is not uncommon in plants. Soltis et aL 
(1992b) were aware of 24 taxa (21 species and three additional subspecies) for 
which over 100 plants or over 10 populations had been analysed for cpDNA 
variation. In only one of these was no infraspecific variation found. Harris & 
Ingram (1991) listed 49 examples of taxa within which such variation has been 
detected, including two species in which each of just three individuals 
surveyed had different cpDNA-types (Lisianthus skinneri and Brassica nigra; 
see Harris & Ingram (1991) for references). They emphasised that the amount 
of variation detected depends on the number of individuals sampled. Equally, 
however, the number of haplotypes resolved depends on the number of 
probe I enzyme combinations used to examine the materiaL Both these points 
are well illustrated by two studies which examined cpDNA diversity in three 
species of Glycine. In the first study, Doyle et aL (1990a), examined a broad 
sample of Glycine species using six restriction enzymes, and resolved just one 
substitution, and thus two haplotypes, amongst single accessions of the three 
species which comprise the liB" genome. In a follow-up study, Doyle et ~ 
(1990b) examined 74 accessions of these 3 species using up to 31 restriction 
enzymes, and resolved 52 polymorphisms which distinguished 27 cpDNA 
haplotypes. 
In order to answer the question of the origin of naturalised R. ponticum, 
it was necessary to detect localised cpDNA variation amongst the native 
material, such that different haplotypes could be resolved in the principal areas 
of its distribution. Studies demonstrating differing distributions of 
infraspecific haplotypes are not common, although Neale et aL (1986) provided 
an early example. Soltis et f!..L (1997) reviewed and discussed studies 
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concerning infraspecific variation amongst 7 species from the Pacific NW of 
America. Of these, six, including one shrub and one tree, displayed 
infraspecific variation by which material could be divided into northern and 
southern clades. Soltis et al. (1997) suggested that these divisions resulted from 
migration patterns in response to glaciations. These clades of haplotypes 
currently overlap to varying degrees except in the case of the shrub Ribes 
bracteosum. Soltis et al. (1997) argued that the overlap is due to secondary 
contact between previously separated populations. It is noteworthy that 
cpDNA differences were detected within one of the species mentioned, 
Tolmiea menziesii, whereas studies of morphology, nuclear rDNA, isozymes 
and biochemistry have all failed to resolve differences between populations 
(Soltis et gL 1989). 
The populations of R. ponticum in Turkey and the Iberian Peninsula 
have probably been separated since the Mindel-Riss interglacial (see 1.1), and 
comparison with the results discussed by Soltis et ~ (1997) suggested that 
cpDNA differences are likely to exist between the material in the two areas. 
1.9. Summary of objectives. 
The aim of the current study was to employ RFLP markers to investigate 
four principal objectives. These will be dealt with in separate chapters as 
follows: 
Chapter 3 reports the construction of a cpDNA phylogeny of 
Rhododendron subsection Pontica and four other species from the cpDNA 
RFLP data. When conclusions can be confidently drawn from this phylogeny, 
they are discussed in relation to the evolution of subsection Pontica and their 
relevance to the other objectives of the project. 
In Chapter 4, infraspecific cpDNA polymorphisms are described and 
used to determine the area of origin of the naturalised R. ponticum. The 
distribution of infraspecific polymorphisms detected in native or naturalised 
material is analysed and discussed in detail. Haplotypes detected of species 
other than R. ponticum are, if possible, identifed with reference to the 
information presented in chapter 3. 
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In Chapter 5, interspecific nuclear rDNA RFLP differences are described 
which can identify material of R. ponticum introgressed by other cultivated 
species. Morphological markers within the naturalised populations are also 
described, and the two data sets are analysed and compared to discover more 
about how introgression might have affected cultivated and naturalised R. 
ponticum in the past. 
Chapter 6 reports the use of cpDNA and nuclear rDNA RFLP markers in 
conjunction with morphological information to prove the existence of 
Rhododendron hybrid combinations in NE. Turkey, some of which have 
never or only provisionally been identified in the past. When possible, the 
evolutionary consequences of these instances of hybridisation are discussed. 
The final chapter of the thesis synthesises the available information 
together in a discussion of the precise nature of the naturalised populations 
known as "R. ponticum". Suggestions for future research are made, and a 
reconstruction of the history of R. ponticum from its divergence as a species to 
the present day is presented. 
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Chapter 2 
Ma terials and Methods 
"But if life was easy, you wouldn't learn anything, now 
would you? 
Lisa Germano, 
"Bad Attitude" 
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2.1 Plant material 
2.1.1. Collection localities in the British Isles 
Material of Rhododendron ponticum was collected from the British 
Isles, Turkey and the Iberian Peninsula. A total of 148 individuals were 
collected from separate localities on the British mainland (Appendix 1). In 
addition, multiple accessions were collected from eight populations in 
Scotland, together with information on floral morphology (see Chapter 5). 
Twenty-nine accessions were collected from Killarney and Connemara, in SW 
Ireland. The UK individual accessions can be divided into area categories as 
follows: 
West Scotland. This area was defined as the Scottish mainland to the west of 
the 238 km east national grid line (this line passes roughly through Fort 
Augustus, Crianlarich and the southern tip of Loch Lomond) and north of the 
610 km north grid line, but excluded the Kintyre peninsula (q.v.). 
Knapdale & Kintyre: This area was the Kintyre peninsular, south of the 710 
km north grid line. 
Scottish Islands. This comprises accessions gathered from the Islands of Arran, 
Raasay, Rhum and Skye, off the west coast of Scotland. 
Fife & Lowlands. This material is from the lowland areas of east Scotland. It 
thus comprises the county of Fife, the eastern half of Stirlingshire (west to 
Stirling), and single accessions from within Edinburgh city and the north bank 
of the River Tay between Dundee and Perth. 
East Scotland. Accessions were placed in this category if they were collected to 
the east of the 238 km national grid line, and did not fall within the Fife and 
Lowlands category. The majority of accessions in this category were from 
Perthshire, and only one was from north of the 800 km north grid line. 
Lake District. This area was defined as the part of England North of the 450 km 
north grid line and west of the 360 km east grid line. All but one accession in 
this category was collected from within the Lake District National Park 
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North England. This area fell between the 200 and 610 km north national grid 
lines, but excluded East Anglia, Wales and the Lake District (q.v.). The 
majority of accessions in this category were collected from around 
Northumbria or the Peak District. 
Wales. This category comprised all accessions from Wales, the majority of 
which were collected in Snowdonia. 
East Anglia. This area was the part of England north of the 200 km north and 
east of the 550 km east grid line; all accessions in this category were collected 
from the counties of Norfolk and Suffolk. 
SE. England. This area fell south of the 200 km north and east of the 480 km 
east national grid lines; all accessions in this category were collected from 
Surrey, Sussex, Kent and Greater London. 
South England. This area was defined as to the south of the 200km north and 
the west of the 480 km east national grid lines. In practice accessions were 
collected from three counties: Hampshire, Somerset, and Devon. 
2.1.2. Collection localities within the native distribution of Rhododendron 
ponticum 
Material of R. ponticum from Turkey was collected, together with that 
of three other species, R. smirnovii, R. ungernii and R. caucasicum, during a 
visit to Turkey in June 1994. The localities from which collections were made 
are listed in Chapter 6. 
Material of other species of Rhododendron was collected from plants 
grown at the Royal Botanic Gardens, Edinburgh; additional specimens were 
supplied by Ms. Mary Strate and Dr. Jean Balfour. This additional material is 
listed in full in Chapter 3. 
Material of R. ponticum from north Portugal was gathered from two 
localities by Ian Hedge and associates (F. Sales, S. Neves, S. Neves, D. Corba). 
Ten accessions, labelled HI to HI0, were collected from the first locality 
described (see below), of which eight were successfully examined; and two 
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accessions, labelled HV3 and HV6, from the second. The collectors' notes from 
the two sites are as follows: 
Portugal, NW: near Campia - Oliviera de Frades, "Mata do Cambarinho" , 40°40' N 
8°12' E. Shrubs or small trees; most plants at streamsides; with Calluna vulgaris, Erica arborea, 
Erica sp., Genista tridentata, Ulex sp., Rubus sp., Pteridium acquilinum - common. A severe fire 
destroyed much of the vegetation, but the Rhododendron is strongly regenerating from blackened 
stumps. Numerous plants scattered over quite a large area. Portuguese name: "Loendro". 500-
60Om. 10th Nov 1993 
Portugal, NW:- Esbarreja, Riviera das Amdonihas, Ponte de Mimhoteina. 40°40-50' N 
8°20-30' E. 15th Nov. 1994. 
All material from the two other Iberian localities for R. ponticum was 
collected during a visit in December 1994, on which I was assisted by Silvia 
Neves and Susana Neves. The sites are identified in accession labels by the 
two letters shown at the start of each locality description. Four plants were 
collected from each site except where fewer than four individuals were present 
or where stated otherwise. An account of the localities from which gatherings 
were made follows: 
SW. Spain: 
HS: "Parque natural Los Canutos", c. 2 km N. of main road between Algamasilla and 
Pelayo, 36°06'N, 50 32'W. About 12 plants of R. ponticum were present in deep shade, by a stream 
in an oakwood, five were collected. 16/12/94. 
HX and HY: Near El Tinadero, c.3 km N of the road, 36°11-2'N, 50 37-38'W. The HX 
locality consisted of about six plants of R. ponticum in deep shade in a steep-sided valley; while 
the HY locality was about 1 km away, a stand of only four plants of R. ponticum in a wet flush 
with Arbutus under light shade. No other plants of R. ponticum were found in a search of the 
surrounding area. 17/12/94 
HZ: Hill slope NW of Algeciras, near Chorroquina, along the stream "Mogea Comady" 
in the valley "La Miel", 36°08-9'N, 50 32-3'W. At least 30 plants of R. ponticum were present at 
this site, both by the stream and on slopes above it; seven were collected. 18/12/94 
Portugal 
HC: This site was situated just to the west of the Road between Monchique and Nave 
Redondo, near the hill "Cerro do Rochal", 37°23'N, 8°29'W. Three plants of R. ponticum were 
present by the stream, under deep shade. 19/12/94. Map 578 
HT: This site was located near San Teotonio, near Pedreneneiras, Ribeira de Agua de 
Peixe. 37°29'N,8°41'W. Plants of R. ponticum occurred sporadically along the streamside in 
varying degrees of shade. 19/12/94. Map 568 
HQ: Near relva Grande, close to Barranco do Salvador, along Ribeira do Lameino and 
other smaller streams, 37°25'N, 80 39-40'W. R. ponticum was comparitively abundant at this 
site; at least 30 individuals were noted on a short visit to the site; 14 were collected. 19/12/94. 
Map 569. 
HF: This site was located just below the road between relva Grande and Monchique, near 
the village of Foz do Farelo, 37°21'N, 8°37'W. Two plants of R. ponticum were present by the 
stream "Ribeira de Seixe", 19/19/94. Map 577. 
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HE: This site was located near Barranco de Maceina, near the road between Monchique 
and Nave Redondo, near a village whose name "Barranco de Mantiones" is not on the map; 
37°22'N,8°33'W. Two plants of R. ponticum were found in deep shade by small streams flowing 
into Ribeira de Perna de Negra. 20/12/94. Map 577 
HD: This site was also situated near Barranco de Maceina, 37°22'N, 8°33'W. R. 
ponticum occurred amongst dense scrub along small stream with steep slopes either side, flowing 
into Ribeira de Perna de Negra. 20/12/94. Map 577 
HB: This site was situated by Barranco do Congo, which is a small stream flowing into 
Ribeira de Perna de Negra. Three small plants of R. ponticum were present in mixed vegetation 
at the streamside, one was collected. 370 23'N, 8°34'W. 20/12/94. Map 577 
HK: This site was located on the bank on the left side of the road, above Ribeira de 
Perna de Negra, 37°23-4'N, 8°34-5'W. One plant of R. ponticum was found by a wet seepage in 
disturbed roadside vegetation. 20/12/94. Map 577 
HR: This site was situated on the South facing slope on the N. side of the road between 
Monchique and Foia, 37°18'N, 8°34-5'W. At least six plants of R. ponticum were present, which 
probably represented outliers from the population on the Foia hill. (HA, below). 20/12/94. Map 
585. 
HA: This site was situated on the South-facing slope just below the hill-top at Foia, 
Bicas, 37°18'N,8°35-6'W. R. ponticum was plentiful amongst low scrubby vegetation on these 
slopes, with the more compact habit which is familiar on open moorland in the UK, rather than 
the taller, more open habit which is usual in shaded situations in Spain and Portugal. Five 
plants of R. ponticum were collected at this site, the total population probably numbered several 
hundred. 20/12/94. Map 585. 
HP: This site was situated on the North slope of Picota Hill, 370 18'N, 8°31'W. Plants of 
R. ponticum occurred mixed with other shrubs and trees by the road up the north side of the hill, 
probably about 2/3 of the way up. 20/12/94. Map 585. 
HM: This site was situated beside the road between Monchique and Nave Redondo. c. 
37°23-4'N,8°29'W. Three plants of R. ponticum were present by the stream, just west of the road. 
20/12/94. Map578 
HN: This site was also situated beside the road between Monchique and Nave Redondo, 
c. 37°23-4'N, 8°28-9'W. Three plants of R. ponticum were present by the stream close to where it 
passes below the road. The area was dominated by apparently invasive eucalyptus trees. 
20/12/94. Map578 
2.1.3 Preservation of plant material 
All plant material was desiccated and preserved using sealed bags and 
coarse self-indicating silica gel. Leaf material with a total area of approximately 
50 cm2 was found to give at least 19 of desiccated material, although the ratio of 
dry weight to leaf area varied with the age of the leaf and between plants from 
shaded and open situations. A quantity of silica gel was used to give a 25:1 
ratio of gel to dry weight leaf material. When leaf material was fully 
desiccated, the sample was kept at -20°C until needed. 
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2.2 Laboratory procedures. 
Table 2.1 lists the names and compositions of the the more complex or 
frequently used solutions employed in the laboratory procedures. 
Table 2.1: Compositions of solutions used in laboratory procedures. 
Solution name Concen- Chemical Notes 
-tration 
CTAB O.lM TrisS 
20mM EDTA3 
104M NaCl 
3% CTAB1 
2% PVP2 
Wet 96% Chloroform Both types are 
Chloroform 4% Octanol or Isoamyl. equally effective. 
Sodium 76% Ethanol 
wash buffer 0.2M Sodium Acetate 
Ammonium 76% Ethanol 
wash buffer 10mM Ammonium Acetate 
T.E. 10mM TrisS 
ImM EDTA3 
pH7.6 Set with HCl 
S.E.B. 0.04M Tris5 
0.02M Sodium Acetate 
1mM EDTA3 
pH7.5 Set with HCl 
T.B.E. 0.04SM TrisS 
0.02M Orthoboric Acid 
1.2SmM EDTA3 
Loading Buffer 50% Glycerol Increases sample 
0.125M EDTA3 density, contains 
0.1% SDS4 tracker dye, and 
2g/l Bromophenol Blue arrests reactions. 
Lambda DNA Marker 80% T.E. 
10% Loading Buffer 
10% 2.5ng/ml Hind III digested 
Lambda DNA 
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Table 2.1: continued 
Solution name 
S.5.c. (20 x) 
Denaturation 
Buffer 
Neutralisation 
Buffer 
Hybridisationl 
prehybridisation 
solution 
Buffer One 
Buffer Two 
Buffer Three 
Cone. 
3M 
0.3M 
O.5M 
l.5M 
15M 
O.5M 
1mM 
pH 7.2 
25% 
0.5% 
0.1 % 
0.02% 
0.15M 
O.lM 
0.3% 
pH 7.5 
0.15M 
O.lM 
0.5% 
pH 7.5 
10% 
O.lM 
50mM 
Chemical 
NaCl 
Tri-sodium Citrate 
NaOH 
NaCI 
NaCI 
Tris5 
EDTA3 
Set with HCl 
SSC (20 x) 
Blocking Stock 
Na Sarcosyl 
SDS4 
NaCl 
Maleic Acid 
Tween 206 
Set with NaOH 
NaCl 
Maleic Acid 
Blocking Stock 
Set with NaOH 
1M Tris5 (pH set to 9.5) 
NaCl 
MgCI 
1: CTAB is hexadecyltrimethylammonium bromide 
2: PVP is polyvinyl pyrolidine 
3: EDTA is Ethylenediaminetetra-acetic acid. 
4: SDS is sodium dodecyl sulphate. 
5: Tris is tris(hydroxymethyI)methylamine. 
6: Tween 20 is polyethylene sorbitol monolaurate 
2.2.1 DNA Extraction 
Notes 
This solution 
is used for both 
hybridisation & 
prehybridisation. 
Prone to pre-
cipitation at 
room temp. 
Initially DNA extraction was conducted using the method described by 
Gillies (1994), which is a form of the CTAB extraction procedure (Doyle & 
Doyle, 1987) modified from the protocol decribed by Whittemore & Schaal 
(1991). The purification procedure was later altered according to the 
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recommendations of Dr. K. Wolff (pers. comm.). The composition of all 
solutions used are given in table 2.1. 
Between 0.3 and 0.4 g of desiccated leaf material was flash frozen using 
liquid nitrogen and ground into a fine powder using a mortar and pestle. A 
small quantity of sterile alumina was added to facilitate the grinding process. 
A finer powder was found to result if liquid nitrogen was added again after the 
first amount had evaporated, and the mixture was ground again. The powder 
was allowed to thaw to before 9 ml of CTAB extraction buffer (table 2.1), which 
had been prewarmed to 65°C, was added. The powder and buffer were mixed 
to a paste, which was then transferred to a centrifuge tube and incubated at 
65°C in a water bath for 30 minutes. This was allowed to cool for between 2 
and 4 minutes before half a volume (4 m!) of wet chloroform (table 2.1) was 
added. The tube was sealed with Nescofilm and then the top was covered with 
clingfilm, following which the two liquids were mixed into a single phase by 
vigourous shaking by hand. The wet chloroform tended to corrode a hole in 
the Nescofilm, and the combination of clingfilm and hand shaking was found 
to be the most effective means of preventing the escape of the liquids. The 
centrifuge tube was then spun at 2350 rpm on an MSE benchtop centrifuge for 
10 minutes. Centrifugation caused the upper aqueous layer to be separated 
from the lower layer by a solid pellet of plant material and the aqueous layer 
was transferred by pouring into a second centrifuge tube. A further 4 ml of wet 
chloroform was then added, followed by about 0.3 g of powdered silica gel to 
bind proteins. The tube was then sealed and shaken as before and centrifuged 
at the same speed for 10 minutes. The aqueous layer was transferred into a 
fresh tube using a wide bore pasteur pipette. 
2.2.2 RNA removal and precipitation. 
In the protocol initially employed, (after Gillies, 1994), propanol was 
used to precipitate the DNA. It was found that isopropanol frequently yielded 
a brown liquid from which the DNA could only be removed using ethanol. It 
was found that 96% ethanol was more efficient for this purpose because it co-
precipitated fewer unwanted compounds, and thus yielded better quality DNA. 
It was also determined that better quality DNA resulted if the mixture was 
centrifuged immediately following the mixing of the two liquids, rather than 
after they had been left to stand for 1-5 hours. 
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Initially, extracts were purified using a caesium chloride density gradient 
ultracentrifugation procedure (Gillies, 1994). This procedure was efficient at 
removing impurities, but frequently led to shearing of the DNA, most 
probably when it was drawn through a hypodermic needle. Normally, 50% or 
more of the DNA was lost during this procedure. The time and expense of this 
procedure was also a consideration. Purification of 24 extracts (about 5% of the 
total number used) occupied almost a whole working-week, and poor yield 
sometimes forced extractions and purifications to be repeated. Therefore an 
alternative procedure using RNAse, according to the recommendations of Dr. 
K. Wolff (pers. comm.) was adopted, which greatly reduced the time and 
expense involved, as purified DNA samples could be produced from as many 
as 10 leaf samples in under two days. This method produced a higher yield of 
DNA and shearing was reduced. The results from extracts of the same 
accession purified by both methods were compared and the RFLP profiles were 
found to be identical. 
The protocol used for the majority of accessions therefore employed 
RNAse for RNA removal, and took account of the observations regarding 
DNA precipitation noted above. This is described as follows. The aqueous 
layer from the second chloroform extraction was transferred to a tube into 
which had been added 20 fll of RNAse solution (1 %). The solution was mixed 
gently and incubated for 30-180 minutes, and then split into two tubes, to each 
of which were added 9 ml of ice cold 96% ethanol. The tubes were sealed and 
mixed by gentle repeated inversion. Spooling of the DNA was attempted on 
some samples, but the results were very inconsistent, and in some extracts 
(particularly those from Turkey) a certain amount of shearing appeared to 
have occurred which prevented spooling altogether. Therefore it was decided 
to centrifuge all samples so that a constant procedure for pelleting had been 
employed throughout. The samples were spun for 10 minutes at 2350 rpm, 
and the supernatant was removed. The resulting pellet was resuspended for 
10 minutes in 14 ml of sodium wash buffer (table 2.1), spun briefly and then 
suspended again for 50 minutes in a fresh 14 ml of sodium wash buffer, spun 
again and finally suspended for about one minute in ammonium wash buffer 
(table 2.1). Following this the sample was spun briefly and the tube inverted to 
allow the pellet to dry. The pellet was then left to dissolve in 150 fll TE (table 
2.1), and then the two halves of each extract were reunited into a 1.5 ml 
eppendorf tube. 
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2.2.3 Purification 
The extraction procedure using RNAse does not remove other 
impurites, such as sugars, which are removed by the CsCI procedure. 
Therefore an additional short procedure was employed for this purpose, as 
follows. Half a volume, i.e. 150 Ilt of 7.5M sodium acetate solution was added 
to each sample. After mixing, the sample was left at 4°C for 20-30 minutes and 
then centrifuged for 10 minutes at 13000 rpm. The supernatant was transferred 
to a fresh 1.5 ml eppendorf tube and the pellet was discarded. One ml of ice-
cold 96% ethanol was then added to each sample, and the sample was mixed by 
repeated inversion then immediately centrifuged at 13000 rpm for 10 minutes. 
If the mixture was left for any period over 15 minutes before centrifugation, 
then the DNA tended to become less liable to pellet and frequently the 
solution was viscous following centrifugation, indicating that some or all of 
the DNA had failed to pellet. The pellet was dried, and then resuspended in 
sodium wash buffer for 10 minutes, and then in fresh sodium wash buffer for 
50 minutes, and finally in ammonium wash buffer for 1-5 minutes; after each 
wash the sample was spun briefly. Finally the pellet was dried and suspended 
in 200 III of TE, or occasionally less if the pellet appeared to be very small. 
2.2.4 Measurement of DNA concentration 
The concentration of DNA in an extract was determined as following. A 
standard of calf thymus DNA (0.125 Ilg/Ill) was employed. Equal volumes of 
DNA samples and the standard were diluted with 10 III TE and mixed with 1 
III loading buffer (table 2.1), and run together on a gel of 0.8% agarose with 
ethidium bromide (gel protocols are described in section 2.2.6). The relative 
intensities of the resultant DNA bands under UV illumination were compared 
and used to calculate the concentration of each sample. 
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2.2.5 Restriction digestion 
Each purified DNA sample was digested with between one and 28 
different restriction enzymes, which are listed in table 2.2, during the course of 
the study. The following procedure was used: 
A quantity of DNA sample containing approximately 500 Ilg of DNA 
was used for each digestion reaction. Ten units of restriction enzyme and 3111 
of the appropriate restriction buffer were added to the sample, and the volume 
was made up to 30 III with sterile distilled water. The solution was vortexed 
briefly and left for 12 to 18 hours at the temperature recommended by the 
enzyme's supplier, which was 37°C for all enzymes except Smal (25°C), BstE2 
(60 0 C). A temperature of 500 C was recommended for Bell, but in the 
conditions described it also performed adequately at 37°C. The reaction was 
arrested by adding 3111 of loading buffer (table 2.1) and mixing. The samples 
could then be run on gels immediately or frozen at -20oC until needed. 
Restriction enzymes were supplied by Promega, Gibco and NBL. The 
performance of one enzyme, Oral! was found to differ strongly between the 
brands: Promega Oral initially failed to digest samples! including those which 
had previously been successfully digested by the Gibco Dra1. On the advice of 
Promega! it was found that Promega Oral successfully digested all samples if 
spermidine and BSA were included in the digestion mixture. The problem 
with Dral took a while to identify and led to a reduction in the number of 
Turkish accessions which were successfully examined using this enzyme. 
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Table 2.2: Restriction enzymes employed and their cutting sites. 
Enzyme 
AZul 
Apal 
BamHl 
Bell 
Bgl2 
BstE2 
Cfal 
CIal 
Dral 
EeaRl 
EeaRV 
Hae3 
Hind3 
Hintl 
Hpa2 
Kpnl 
Mlul 
Nrul 
Pstl 
Pvul 
Rsal 
Sall 
Seal 
Smal 
Sstl 
Stul 
Xbal 
Xhal 
Cutting Site 
AG/Cf 
GIGGCCIC 
GIGATCIC 
TIGATCIA 
AIGATCIT 
GIG1NACIC 
GICGIC 
ATICGIAT 
TTT/AAA 
GIAATTIC 
GAT/ATC 
GG/CC 
AIAGCTIT 
GIANTIC 
CICGIG 
GIGTACIC 
AICGCGIT 
TCG/CGA 
CITGCAIG 
CAG/CfG 
GT/AC 
GITCGAIC 
AGT/ACf 
CCC/GGG 
GIAGCTIC 
AGC/GCf 
TICTAGIA 
CITCGAIG 
I Represents the point at which both DNA strands are cut. 
I Represents the point at which the illustrated strand is cut 
I Represents the point at which the complementary strand to that illustrated is cut 
The bases which lie between the cutting sites on the complementary DNA strands 
are underlined. 
2.2.6 Agarose gels 
Gels were initially made using SEB solution (table 2.1), but this was 
replaced by TBE solution (table 2.1). TBE tank buffer could be re-used and thus 
using TBE solution was more efficient. Gallenkamp gel rigs were used for all 
gels run. Maxigels were used for all restriction gels whilst either maxigels or 
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mini gels were used for concentration gels depending on how many samples 
were being examined. Between 19 and 30 samples were run on each restriction 
gel. 
Agarose gels were made by dissolving 0.8% of agarose in TBE solution, 
with 0.05% 1 mg/ml ethidium bromide solution. The agarose was dissolved 
using two 60 second and two 45 second periods in a 850 watt microwave oven, 
swirling the solution in between each heating period. The solution was then 
allowed to coolon a shaking platform until hand-hot (C. 60°C). The liquid 
agarose solution was poured into a level gel-tray whose ends were sealed with 
masking tape or rubber bungs, and into which a comb with the required 
number of teeth had been placed in a position parallel to the ends of the gel 
tray. The gel was left to set, following which the bungs or masking tape were 
removed, the gel tray was immersed in TBE in a gel rig, and the comb was 
removed. 
Digested samples were then placed in each of the wells created by the 
teeth of the comb, except the ones at each end, into which were placed 30 /-ll of 
Lambda DNA marker solution (table 2.1). Samples were transferred to the 
wells using a 100 111 Gilson Pipetteman. A current of between 40 and 60 mA 
was applied to the gel until the marker dye had migrated to within 4 cm of the 
end of the gel (Le. about 12 cm in total). 
The gel was observed and photographed over a UV transilluminator to 
record the distance migrated by the fragments of known size of HindUI Lambda 
DNA, and also the extent to which each sample had been digested and any 
other anomalies of concentration or migration patterns. 
2.2.7 Southern Blotting 
The DNA fragments from the gel were transferred to an Electran 
CB.D.H.) nylon membrane using the following method. 
The gel was removed intact from the gel tray and the portions at the 
sides containing the marker DNA, and the portion behind the wells were 
removed. The gel was incubated with gentle shaking in a tray submerged in 
denaturation buffer (table 2.1) for 30 minutes, and then incubated in the same 
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fashion in neutralisation buffer (table 2.1) for between 30 and 120 minutes. 
The dimensions of the gel were measured, and a piece of nylon membrane was 
cut with identical dimensions. Three small pieces of blotting paper were cut to 
a length and width 6 mm less than the dimensions of the gel. 
The blotting apparatus was created as follows. A tray was filled 
approximately 1/3 full with 20 x SSC (table 2.1), and a sheet of glass or perspex 
which was longer, but less wide, than the tray, was lain across the top. Three 
pieces of blotting paper of 19 x 45 cm were cut and wetted with SSC and placed 
over the sheet so that at least 8 cm of both ends was in the SSC below, thus 
forming a wick. The gel was inverted and placed on the wick, with air bubbles 
removed by gentle fingering. The nylon membrane was wetted with SSC and 
placed over the gel, and one of the small filter paper sheets was wetted and 
placed over the nylon membrane l taking care not to overlap the edges. A 1 or 
2 ml glass pipette was used as a roller to force out bubbles from below the 
membrane and blotting paper. Pieces of cling film were placed around the gel 
to prevent the upward passage of fluid by any other means than through the 
gel. The two other small pieces of blotting paper were placed dry on the top of 
the apparatus1 and a stack of paper towels about 10 cm high was placed above 
these. Finally a glass or perspex sheet was placed over the towels and a weight 
on top of this. 
The assemblage was left for 15 to 24 hours, and then the membrane was 
removed and rinsed for 5 minutes in 2 x SSC, and then allowed to air dry. The 
membrane was then baked for 2 hours at 80aC, and then exposed to UV 
radiation for 2 minutes, which had the effect of shearing the DNA into small 
fragments which then bound to the nylon membrane. The membrane was 
labelled in pencil before the blotting apparatus was constructed, and the top left 
corner was nicked using a razor as the apparatus was dismantled to ensure 
correct orientation. 
2.2.8 Probing of membranes 
DNA fragments were visualised and identified using DNA-DNA 
hybridisation with pLsC (Lactuca sativa) cpDNA probes. These probes had all 
been cloned into plasmid vector pUC18 and had been obtained from Dr. S. A. 
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Harris and maintained by Dr. K. Wolff, but originated as a gift from Drs. J.D. 
Palmer & R.K. Jansen (The Indiana University). 
The probe fragments were originally numbered in descending order of 
size by Jansen & Palmer (1987), but were re-numberd by Dr. S.A. Harris (1993) 
so that they formed a sequence around the chloroplast genome. The 
numbering system of Harris (1993) is employed throughout this thesis. Table 
2.3 shows the probes of the pLsC set, their numbers under each of the two 
numbering systems, their sizes, whether they were used singly or in groups, 
and which portion of the cpDNA molecule they fall within. 
Table 2.3. The pLsC probes used in the current study. 
Probe; Size (kb) Number in Used as: Region of cp-
number in Jansen & DNA molecule 
Harris, 1993 Palmer, 1987 
pLsC1 12.3 4 pLsC1 IR+LSC 
pLsC2 9.9 6 pLsC2,pLsC2+3 IR 
pLsC3 15.4 2 pLsC3, pLsC2+3 IR 
pLsC4 1.8 16 pLsC4+5 IR 
pLsC5* 5.5+3.6 1 pLsC4+5 SSC 
pLsC6 14.7 3 Not used LSC 
pLsC7 7.0 8 Not used LSC 
pLsC8 6.7 10 pLsC8-11 LSC 
pLsC9 3.8 14 pLsC8-11 LSC 
pLsC10 6.9 9 pLsC8-11 LSC 
pLsCll 7.7 7 pLsC8-11 LSC 
pLsC12 10.6 5 pLsC12-15 LSC 
pLsC13 4.6 13 pLsC12-15 LSC 
pLsC14 5.4 12 pLsC12-15 LSC 
pLsC15 6.3 11 pLsC12-15 LSC 
* Three fragments were produced by additionally digesting with Hind3, of which the two shown 
were employed. 
Also employed was the nuclear ribosomal probe pTa71 (9.1kb, from 
Triticum aestivum, Gerlach & Bedbrook, 1979). These probes were maintained 
inside plasmid vector pUC19 by Dr. A.C.M. Gillies, who also isolated the 
plasmids and extracted the DNA probes (see Gillies, 1994) in sufficient quantity 
for their use throughout the current study. 
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Probing of membranes was conducted at first using the p32 radioactive 
labelling method as described by Gillies (1994). This had the disadvantage of a 
delay of typically two weeks between the completion of the labelling procedure 
and the production of a result, which caused problems as frequently the result 
of one experiment determined which samples and/or enzymes should be used 
in the next experiment. The non-radioactive DIG labelling method was 
therefore used instead of the radiolabelling method when it became available. 
The protocol used was adapted by Dr. K. Wolff (pers. comm.) from the 
protocols of Boehringer and the CIMMYT laboratory, Mexico. All the 
chemicals used in probe labelling, and also AntiDIG, were supplied by 
Boehringer Mannheim, whereas CSPD substrate was supplied by Applied 
Biosciences (previously Tropix). 
2.2.8.1 Labelling the probe 
The probe DNA was labelled as follows. Approximately 300 ng of probe 
DNA was boiled for 10 minutes in a total volume made up to 13.5 ~l with 
sterile distilled water in a screw-top eppendorf tube. This quantity was enough 
to probe four membranes and then up to six in subsequent re-uses. The 
solution was kept on ice, while 2 ~l each of 10 x Klenow buffer, DIG DNA 
labelling mix and hexanucleotide mix were added. After this, 0.5 ~l Klenow 
enzyme was added and the mix was vortexed and spun briefly, and then left 
for 12-18 hours at 37°C. 
The probe was purified as follows. To the probe DNA mix were added 2 
~l of 0.2M EDTA, followed by the addition of 2.5 ~l of 4M LiCl and mixing, and 
then 75 ~l of cold (-20°C) 96% ethanol were added and mixed, following which 
the tube containing the mixture was left for 30-120 minutes at -70°C. The tube 
was then spun at 13000 rpm. for 15 minutes, the supernatant was removed and 
replaced by cold (-20°C) 70% ethanol. The tube was flicked to dislodge the 
pellet and then spun again for 15 minutes at 13000 rpm. The pellet was 
allowed to dry and then dissolved in 100 ~l TE. Several probes were normally 
labelled at the same time, and those not for immediate use were stored at 
-20°C. 
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2.2.8.2 Prehybridisation and DNA-DNA hybridisation 
Membranes were placed in a hybridisation cylinder separated from one 
another by nylon mesh to allow free passage of solution between them. To 
these were added hybridisation solution prewarmed to 65°C. The quantity 
used was approximately 18 ml plus 2 ml per membrane. The cylinders were 
closed and placed in a hybridisation oven which maintened them at 65°e 
while slowly rotating the cylinders. 
A newly labelled probe was prepared for hybridisation by boiling for 5 
minutes then cooling immediately on ice, which had the effect of denaturing 
the DNA strands and then inhibiting reannealment. The solution was then 
transferred using a 1 ml Gilson Pipetteman into 14 ml of prewarmed 
hybridisation solution, which was then gently mixed. If a probe was being re-
used then the solution of probe in hybridisation solution was heated to 95°C in 
a water bath and held at this temperature for 10 minutes with occasional 
shaking. 
The prehybridisation buffer was poured out of the hybridisation 
cylinder, and the hybridisation buffer containing the probe was introduced. 
The cylinder was then left for 14-20 hours rotating at 65°e in the hybridisation 
oven to allow hybridisation to occur. 
2.2.8.3 Washing and Detection 
The detection method works by an immunological reaction. The DIG 
molecule, which is linked to the probe by the procedure described in 2.2.8.1, 
binds to the Anti-DIG molecules, which in turn bind the eSPD substrate, 
which is chemiluminescent. Therefore, the light from the eSPD reveals the 
positions of all fragments which have been hybridised to by to the DNA probe 
used. 
Following hybridisation membranes were rinsed twice for 5 minutes in 
a solution containing 2 x sse plus 0.1% SDS (sodium dodecyl sulphate) at 
room temperature with shaking, and then again twice for 15 minutes in 1 x 
sse plus 0.1% SDS solution at 65°e with shaking. The quantities used in all 
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four washes were 250 ml per membrane, and usually eight membranes were 
washed together. 
After washing, the membranes were rinsed in buffer one (table 2.1) for 5 
minutes; 400 ml was used for 8 membranes. The membranes were then 
incubated in 25 ml per membrane of buffer two (table 2.1) for 30 minutes with 
shaking. Following this, the membranes were incubated in the same volume 
of buffer two plus 1.7 III of Anti-DIG per membrane, again for 30 minutes with 
shaking. Next, the membranes were washed twice in buffer one with gentle 
shaking, 250 ml was used per membrane in each wash. The membranes were 
then rinsed for 5 minutes in 20 ml per membrane of buffer three (table 2.1). 
CSPD solution was created by mixing 0.25 ml of CSPD stock in 25 ml of buffer 
three. The membranes were incubated for 5 minutes in 25 ml of CSPD 
solution. Adequate contact between the membranes and the solution was 
achieved by repeatedly pulling the membrane from the bottom of the tray with 
forceps and placing it at the top. 
Each membrane was lifted from the tray by forceps, given 15 seconds for 
excess solution to drip oft and then placed in a piece of transparent plastic 
bagging which was then sealed at the edges. The CSPD solution was recovered 
for re-use by filter sterilisation. It could be re-used up to four times over a 
period of up to 4 weeks, although its activity decreased with time, and after 
each use. It was stored at 4°C and was protected from light by aluminium foil 
until required again. The bagged membranes were labelled by writing in 
indelible marker over a portion of the bagging covering the bottom left hand 
corner of the membrane. This meant that the written label would be visible 
on the developed film provided this was sufficiently dark. The CSPD on the 
bagged membranes was activated by incubation at 37°C for 15 minutes, and 
then each bagged membrane was placed over an X-ray film in a cassette. A 
sample of the X-ray films was developed after 3.5 hours, and if necessary the 
membranes were exposed to another X-ray film for a longer or shorter period 
to ensure the most informative results. The film was developed using an 
automatic RGII Fuji film processor. The developed films are technically 
immunographs but will be referred to as "autorads" throughout this thesis as 
they convey the same information as the autorads produced by the 
radiolabelling employed at the start of the study. 
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2.2.8.4. Membrane stripping 
After exposure to X-ray film, the membrane was either frozen at -20°C 
until stripping, or stripped of probe immediately. Stripping was conducted as 
follows: membranes were rinsed for 5 minutes in sterile distilled water, after 
which they were washed twice for 15 minutes at 37°C with shaking in 50 ml 
per membrane of 0.2M NaOH plus 0.1 % SDS solution. Finally, the membranes 
were rinsed in 25ml per membrane of 2 x SSC, sealed in bags in groups, and 
frozen at -20°C until needed again. 
2.3. Calculation of fragment sizes. 
Problems were encountered with the calculation of fragment sizes. Gel 
irregularities such as "smiles" could be dealt with either by comparing the 
positions of bands which were constant throughout the samples run, or where 
these were absent, re-running individual samples beside a marker or sample 
whose fragment sizes had been calculated. 
Fragment sizes can be calculated with a formula for the conversion of 
length migrated into fragment size, using the distances migrated by the six 
visible bands of the H indIII-digested Lambda DNA. The conversion is 
performed according to the equation 
Fragment size = C/(D+Mo) + Lo 
Where D is the distance travelled and C, Mo and Lo are constants which are 
calculated using the distances migrated and known sizes of the HindIII Lambda 
DNA fragments. 
The equation produces a simple best fit curve (fig 2.1), and it was noted 
that if the migration distances of some of the standard fragments from which 
the equation had been generated were subsequently entered into the equation, 
then a size estimate which was inaccurate by 5% was not uncommon. This 
point was tested by working out the sizing equation for the marker fragments 
of 10 gels, for which the first 10 gels run with the Hpa2 enzyme on British Isles 
accessions were arbitrarily selected. Table 2.4 lists the sizes calculated for each 
fragment in each gel, plus the mean size calculated for each fragment across 
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the ten gels, the difference between this and the mean, and the average 
percentage error that this value represents. 
Table 2.4 Comparison between actual and calculated fragment sizes of Lambda 
DNA standard fragments across 10 gels 
Actual fragment size: 23.13 
Calculated fragment sizes: 
Gel 
Hpa2-U7 
Hpa2-K8 
Hpa2-C9 
Hpa2-10 
Hpa2-11 
Hpa2-12 
Hpa2-13 
Hpa2-14 
Hpa2-15 
Hpa2-16 
Mean size 
Mean difference 
from actual size 
Mean difference 
as percentage 
23.12 
23.03 
22.86 
22.68 
22.68 
22.73 
22.69 
22.84 
22.8 
22.69 
22.81 
-0.32 
-1.37% 
9.41 
9.41 
9.57 
9.86 
10.39 
10.45 
10.32 
10.32 
10.01 
10.02 
10.47 
10.08 
+0.672 
+7.14% 
Fragment sizes: 
6.68 4.36 2.32 2.02 
6.72 4.35 2.31 2.04 
6.7 4.3 2.29 2.05 
6.73 4.17 2.3 2.07 
6.61 4 2.3 2.1 
6.51 4.04 2.29 2.11 
6.53 4.08 2.3 2.09 
6.62 4.04 2.29 2.1 
6.62 4.15 2.29 2.08 
6.72 4.08 2.28 2.1 
6.51 4.01 2.31 2.11 
6.627 4.122 2.296 2.085 
-0.05 -0.24 -0.02 +0.065 
-0.79% -5.46% -1.03% +3.22% 
Table 2.4 illustrates that, on average, the size of the 9.41 kb fragment 
tended to be overestimated by over 7% and that of the 4.36 kb fragment 
underestimated by over 5%. From table 2.4 it can also be seen that there is 
considerable variation in the level of agreement between actual and calculated 
sizes of marker fragments. The difference between calculated and actual 
fragment sizes for gel Hpa2-U7 is up to 0.04 kb while for gels Hpa2-11 and 
Hpa2-16 it ranges from 0.03 to 1.06 kb. Fig. 2.1 illustrates the curve generated by 
the equation for gel Hpa2-14 (whose calculated size values are closest to the 
means shown in table 2.4), and the actual sizes of the six marker bands. Fig. 2.2 
shows a portion of the same curve between the migration distances 52 and 80 
mm, and illustrates the difference between the actual and calculated values of 
the 9.41, 6.68 and 4.36 kb fragments. 
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Fig 2.1: Calculated fragments sizes for gel Hpa2-14 using original 
sizing equation. Actual sizes of marker fragments are also shown. 
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It was concluded that some aspect of the gels run during the current 
study frequently caused a more complex relationship between fragment size 
and migration distance than could be accurately defined by the original 
equation. The practical problem this presented was that if a DNA fragment 
from one of the samples was approximately the same size as for example the 
9.41 kb marker fragment, then it would migrate the same distance as this 
fragment and its size would be overestimated by a similar margin, i.e., from 
table 2.4, about 7%. 
A method was devised to overcome these problems by adapting the best 
fit curve produced by the original equation so that it was forced to pass through 
the points occupied by each of the marker fragments. The size of any given 
fragment was calculated as follows: 
The marker fragments were labelled Ml to M6 in decreasing order of 
size, and these have migration distances Dl to D6 and sizes 51 to 56. The 
difference in kb between the actual and calculated size for each marker was 
calculated, these were designated El to E6. 
A DNA fragment, labelled X, whose size IS to be calculated has a 
migration distance DX and its size, calculated according to the original 
equation is 5X. It was first determined between which two markers' migration 
distances it fell. If it had migrated farther than M6, it's size was adjusted to 
5X+E6, similarly if it had migrated less far than MI, its size was adjusted to 
5X+E1. If the fragment X's migration distance fell between that of Ml and M2, 
then the difference between DX and Dl was calculated and converted to a 
proportion of the difference between Dl and D2; the same was done for D2 and 
DX to give a second proportion which was thus always equal to one minus the 
first proportion. It was reasoned that the error between the calculated and 
actual values would have an approximately linear value between two marker 
fragments. Therefore the error at distance Dl is El, that at D2 is E2, as defined 
above, and the error, or adjustment between actual and calculated size of any 
fragment with a migration distance between Dl and D2 could thus be 
estimated by the equation: 
Error / adjustment = El *(D2-DX) + E2*(DX-D1) 
(D2-Dl 
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Fig 2.3: Adjusted fragment size calculation curve and 
actual marker fragment sizes 
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fragment sizing equation. 
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This quantity is then added to the original calculated value (SX) to give the 
adjusted value AX: 
AX = SX + El *(D2-DX) + E2*(DX-Dl) 
(D2-Dl) 
The latter equation is henceforth referred to as the adapting equation. A 
similar procedure is applied for fragments which fall between any other two 
fragments. Fig. 2.3 shows how this adapting equation causes the fit curve 
between migration distance and fragment size to pass through the points 
occupied by the marker fragments with minimal disruption to its shape. Fig. 
2.4 provides a diagrammatic explanation of the quantities used in the adapting 
equation 
A Microsoft Excel spreadsheet, which had been created by Dr. S. Harris to 
apply the original equation, was modified to apply the adapted sizing protocol 
described above. This spreadsheet was used to determine the sizes of of all 
RFLP fragments from migration distances throughout the current study. 
Copies of the spreadsheet are available on request. 
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Chapter 3 
A preliminary cpDNA phylogeny for Rhododendron 
'''I am the biggest tree' he said, 
the others said, 'don't boast'. 
And then a man with a saw came, 
and made him into a post." 
Dairsie School pupil(s), 
On a plaque by a cherry tree, 
Woodburn Park, St Andrews. 
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3.1 Introduction 
3.1.1 Utility of a cpDNA phylogeny. 
Rhododendron subsection Pontica contains twelve species, plus four 
subspecies and one variety (Chamberlain, 1982; Hara, 1986). Species in the 
subsection include R. ponticum, two species which due to horticultural 
crossing are likely to have contributed to the ancestry of R. ponticum in the 
British Isles i.e. R. catawbiense and R. maximum (Bean, 1976; Coats, 1963; 
Michalak, 1976; Chapters 4 & 5), and three of the four species of Rhododendron 
which co-occur with R. ponticum in Turkey, i.e. R. smirnovii, R. ungernii and 
R. caucasicum (Chapter 6). Other taxa in subsection P on tica are R. 
macrophyllum from N. America; R. brachycarpum and its subsp. fauriei; R. 
aureum and its var hypopitys; R. yakushimanum and its subsp. makinoii; R. 
degronianum, its subsp. heptamerum and its subsp. hondoense; and R. 
hyperythrum, all from parts of east Asia. 
A phylogeny of subsection Pontica would provide a background to 
research which concerns the possibility of hybridisation involving one or 
more of its species. In Turkey, for example, the hybrid between R. ponticum 
and R. caucasicum is abundant in certain conditions (Stevens, 1978; this thesis, 
chapter 6) and two other species, R. ungernii and R. smirnovii, are very 
similar in morphology, and appear to hybridise in the wild. Knowledge of the 
phylogenetic position of species involved in such hybridisation, and in 
particular whether they are sister species, will assist in the analysis of such 
hybridisation events. 
A cpDNA phylogeny would also be of value to the investigation of how 
the phylogeographic distribution of subsection Pontica might have arisen, and 
further, in the detection of possible reticulation events during its evolution. It 
might also be of use in addressing some questions regarding which species 
should be included in the subsection. Rhododendron hyperythrum, which 
has been included in subsection Pontica on the basis of inflorescence and 
corolla morphology (Chamberlain, 1982), also has characteristics, such as 
punctate hair bases, which are unique in subsection Pontica and may indicate it 
does not truly belong in this subsection. Past authors have also disagreed 
regarding whether R. ponticum and the three American species should be 
placed in a separate subsection (Tagg, 1930; Spethmann, 1986) to the other 
species placed by Chamberlain (1982) in subsection Pontica. 
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Subsection Pontica has a highly disjunct distribution (Chamberlain, 
1982). Of the twelve species it contains, three occur in N. America, one in 
Taiwan, four in Japan, of which two also occur in Korea and one extends across 
northern Asia to Siberia, and four in the Black Sea region (i.e. northern Turkey 
and the Caucasus, with R. ponticum alone extending into Europe and 
Lebanon) (table 3.1). Phylogenetic analyses of genera with disjunct 
distributions have been successful in determining their area of origin, and 
whether other areas containing several taxa were colonised by single or 
multiple lineages (Humphries, 1992; Wendel & Albert, 1992, Krupkin et £1., 
1996; Panero & Jansen, 1997). 
The chloroplast genome does not normally undergo recombination, and 
therefore a phylogeny based upon it must be considered to be a gene tree, and 
perhaps as well a species tree (Doyle, 1992). A gene tree will only reflect the 
true species phylogeny if no events of hybridisation or transfer of plastids 
between lineages have occurred (Doyle, 1992). Therefore, a cpDNA phylogeny 
of a plant group such as subsection Pontica, when compared with 
morphological classifications, might provide evidence for reticulation events 
which had given rise to species or groups thereof (Avise, 1995). Discordance 
between cpDNA phylogenies and morphological classifications or nuclear 
phylogenies are frequently observed (e.g. Krupkin et £1., 1996; Soltis & Kuzoff, 
1995; Sanderson & Doyle, 1993). In many cases such discordance gives rise to 
theories of hybrid origin of species or hybrid lineages not previously suspected 
(e.g. van Ham & t' Hart, 1994; Wendel & Albert, 1992), although hybridisation 
is by no means the only cause of discordance (Spooner et £!L 1991). 
A phylogeny for subsection Pontica would be useful in regard to the 
examination of cpDNA variation within R. ponticum in the UK. It is possible 
that haplotypes encountered in a survey of naturalised British material would 
not match exactly any detected within R. ponticum or any other species 
examined from elsewhere. As there are over 500 species, and well over 1000 
hybrids, of Rhododendron cultivated in the British Isles (Bean, 1976), it would 
be impractical to survey all cultivated Rhododendron species for which 
haplotypes might potentially occur in naturalised specimens of R. ponticum. 
However, it should be possible to determine the closest relatives of haplotypes 
of unknown specific origin by including the unknown haplotype in a 
phylogenetic analysis of the group it was assumed to belong to. Phylogenetic 
analyses have been used by others to determine the closest relatives of newly 
decribed species (Doyle et £1., 1990a) or island endemic groups (e.g. Scalesia, 
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Schilling et al., 1994; Hawaiian species of Geranium, Pax et al., 1997) and to 
determine the cpDNA donor of a suspected hybrid species (Rieseberg, 1991) or a 
cytotype possibly acquired by introgression (Liston & Kadereit, 1995). 
The accuracy with which a haplotype of unknown origin might be 
identified will depend on whether it groups closely with a species for which 
closest relatives are also included in the survey. If this is not the case, then 
only an approximate identification (e.g. to a generic section or subsection) 
might be possible. 
Finally, a cpDNA phylogeny of R. ponticum and its closest relatives 
would also be useful in determining the apomorphic state of mutations 
present in R. ponticum and also in the investigation of multistate characters 
(such as areas of high length variation), even if these were not incorporated in 
the actual phylogeny. 
3.1.2. Objectives 
The research and analysis reported in this chapter concerns the 
construction of a cpDNA phylogeny comprising all the species of 
Rhododendron subsection Pontica, four related species and two haplotypes of 
unknown origin. Such a phylogeny may help to: 
1) Provide an improved understanding of the evolutionary and phyto-
geographic history of subsection Pontica; 
2) Identify any possible instances of reticulate evolution within, or involving 
members of, subsection Pontica; 
3) Identify cpDNA types of unknown origin found in the British Isles; 
4) Allow determination of directions of mutations within R. ponticum, and 
provide more information on mutations of uncertain nature. 
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3.2. Materials & Methods 
3.2.1. Plant material 
Material for the survey of chloroplast DNA variation was acquired from 
cultivated live material supplied by R.B.G. Edinburgh, with the exception of 
one accession from a cultivated plant provided by Dr. J. Balfour and 2 from 
wild collected plants supplied by M. Strate (see table 3.2), and all material of R. 
ponticum for which wild collected material (Chapters 2 and 6) was employed. 
Table 3.1: Rhododendron species included in the phylogenetic analysis, and 
their areas of occurrence. 
Rhododendron North Black Japan Korea Taiwan Other Asia 
Species America Seal (mainland) 
Subsection Pontica: 
hyperythrum +++ 
catawbiense +++ 
macrophyllum +++ 
degronianum2 +++ 
yakushimanum2 +++ 
smirnovii +++ 
aureum +++ +++ +++ 
brachycarpu m2 +++ +++ 
caucasicum +++ 
maximum +++ 
ponticum +++ 
ungernii +++ 
Other subsections: 
adenopodum +++ 
argyrophyllum +++ 
arboreum +++ 
fortunei +++ 
1: Includes SW Europe and Lebanon for R. ponticum. 
2: Infraspecific taxa are not included as their distributions each concur with the type taxon. 
Accessions of R. ponticum from three countries, Turkey, Portugal and 
Spain, were included in the analysis. Multiple accessions of the three 
American species were examined; i.e. five accessions of R. catawbiense 
Michaux (representing the three extant lineages of live material at R.B.G. 
Edinburgh plus two from other sources; table 3.2), three of R. macrophyllum G. 
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Don. and two of R. maXImum L. The other taxa examined from within 
subsection Pontica, of which single accessions were examined, were as follows: 
R. smirnovii Trautvetter; R. ungernii Trautvetter; R. caucasicum Pallas; R. 
hyperythrum Hayata; R. aureum Georgi var aureum (no material of var 
hypopitys was available); R. brachycarpum G. Don and its subsp. fauriei 
(Franchet) Chamberlain; R. yakushimanum Nakai and its subsp makinoii 
(Tagg) Chamberlain; R. degronianum Carriere, its subsp. heptamerum 
(Maximovicz) H. Hara (=R. japonicum (Blume) Schneider), and its subsp. 
hondoense Nakai. The areas of distribution of these species are shown in table 
3.1. 
Single accessions of four species considered not to be members of 
subsection Pontica were included. Two of these species, R. adenopodum 
Franchet and R. argyrophyllum Franchet belong to subsection Argyrophylla, 
which has been suggested, on the basis of shared morphological characteristics, 
to be the sister group of subsection Pontica (D. Chamberlain, pers. comm.). The 
third species, R. arboreum Smith, was horticulturally crossed with R. 
ponticum during the creation of the "Hardy Hybrids" (see Chapter 5) and 
might therefore be involved in the parentage of naturalised British material of 
R. ponticum. Finally, R. fortunei Lindley was included, as it is not believed to 
be closely related to subsection Pontica, and its inclusion in the analysis was 
considered desirable because it might provide a better resolution of the 
relationship of R. adenopodum and R. argyrophyllum to subsection Pontica. 
Furthermore, it might help in identifying the relationships of any haplotypes 
of unknown origin that may be derived from a taxon outside subsection 
Pontica. 
Two accessions containing cpDNA haplotypes of unknown origin 
detected during the survey of naturalised material were included in the 
analysis. The first of these was accession UK-V, from a population of 
Rhododendron cultivars (plate 3.1) which appears to be naturalising in Glen 
Ample, Perthshire (plate 3.2) and which could not be morphologically 
identified as a single taxon (R.B.G.E. staff, pers. comm.). The second accession 
was UK-116, collected from the Lake District, which morphologically 
resembled R. ponticum, although no flowers were seen. 
The accession labels of all material included in the survey are shown in 
table 3.2. 
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Plate 3 .1: Flowers and leaves of one of the accessions with Haplotype V. 
Plate 3.2 : Habitat of the plants with haplotype V, on shaded slopes 
above a stream running down from Glen Ample , Perthshire. 
Table 3.2. Rhododendron material surveyed for cpDNA variation. 
Species 
name 
R. maximum 
R. maximum 
R. macrophyllum 
R. macrophyllum 
R. macrophyllum 
R. catawbiense 
R. catawbiense 
R. catawbiense 
R. catawbiense 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
R. 
sp. 
sp. 
catawbiense 
ponticum 
ponticum 
ponticum 
ungernii 
smirnovii 
caucasicum 
aureum 
hyperythrum 
brachycarpum 
b. fauriei 
degronianum 
d. hondoense 
d. heptamerum 
y. makinoii 
yakushimanum 
arboreum 
argyrophyllum 
adenopodum 
fortunei 
unknown 
unknown 
Abbrev 
-iation 
R.max. 
R.max. 
R.mcr. 
R.mcr. 
R.mcr. 
R.ctw. 
R.ctw. 
R.ctw. 
R.ctw. 
R.ctw. 
R.p.(E) 
R.p.( L) 
R.p.(T) 
R.u. 
R.s. 
R.cauc. 
R.aur. 
R.hyp. 
R.b.br. 
R.b.fau. 
R.d.deg. 
R.d.hon. 
R.d.hep. 
R.y.mak. 
R.y.yak. 
R.arb. 
R.arg. 
R.adn. 
R .frt. 
Accession 
label 
73.4301 
M. Strate2 
73.4184 
62.3494 
69.0512 
81.0634 
J. Balfour! 
M. Strate! 
34.0114 
80.0046 
HZ7,HYI 
HA4,HQ4,HHI 
KY3,IK3,TB2 
68.3836 
69.8845 
52.1068 
45.0053 
41.0106 
69.8417 
77.2180 
34.1071 
34.0207 
66.0140 
72.4002 
83.2540 
76.0141 
69.8367 
62.0072 
73.1238 
UK-V 
UK-116 
Origin 1 
E.USA 
E. USA, Pa2 
(W. USA) 
(W. USA) 
(W. USA) 
E.USA 
(E. USA) 
3 E. USA, Ct 
E.USA 
E.USA 
Spain 
Portugal 
Turkey 
Turkey 
(Turkey /Georgia) 
Turkey 
(W. Asia) 
(Tai wan) 
(J apan/Korea) 
S. Korea 
(Japan) 
(Japan) 
Japan 
(J ap an) 
Japan 
(India/Nepal) 
( China) 
(China) 
( China) 
UK, E.Scotland 
UK, Lake District 
1 Locations in parentheses indicate that the provenance of the specimen is 
uncertain, and therefore the origin is inferred from that species' known 
distribution. 
2. Pennsylvania 
3. Connetticut 
3.2.2. Enzyme/probe combinations employed 
The molecular results described in this chapter were obtained using the 
techniques, restriction enzymes, Lactuca sativa (pLsC) cpDNA probes, and 
adapted DNA fragment sizing spreadsheet described in chapter 2. 
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A total of 28 enzyme/probe combinations were tested. The enzymes 
employed were BamHl, Bell, Bg12, CIal, Dral, EcoRl, Hae3, Hind3, Hpa2, Rsal, 
Sall Smal and Stul. Five probes, or sets thereof, were employed, i.e. pLsC 1, 2 
and 3 used singly; and two combinations of four small probe fragments, i.e. 
pLsC8-ll and pLsC12-15. 
Palmer et al. (1988) recommended the construction of restriction site 
maps for all taxa included in a survey of cpDNA variation, which is facilitated 
by the use of double digests, and ideally requires all probes to be employed 
singly. This method was used for example by Sytsma & Gottlieb (1986) to 
produce a "detailed evolutionary history" of the genus Clarkia sect 
Peripetasma. In the current project, however, restriction enzymes were only 
used singly whereas some probes (pLsC8-11; pLsC 12-15) were used in 
combination. This increased the number of polymorphisms detected per unit 
effort, but reduced the efficiency with which their nature could be determined, 
particularly when several polymorphisms appeared to be detected by a 
particular enzyme / probe combination. 
The polymorphisms were scored, wherever possible, as hypothesised 
mutations, i.e. site gains/losses, insertions or deletions. Polymorphisms 
which appeared as a band of greater or lesser size replacing another, were 
defined as mutations of uncertain nature, as they might equally represent a site 
mutation where a third fragment is not visualised, or a length difference not 
detected by other enzymes. In a few cases, for which bands appeared in some 
species but no equivalent ones were detected in others (most notably for the 
enzyme/probe combination Smal/pLsC2), each position of the band was 
scored as a presence/absence character. The enzyme/probe combination 
Dral/pLsC8-11 revealed 24 polymorphic bands, from which any determination 
of the mutations responsible would be highly subjective. Therefore, apart from 
one clear site mutation identified from three especially strongly hybridising 
bands, all the other bands were scored as presence/ absence characters. Delgado-
Salinas et al. (1993) excluded data from those enzyme/probe combinations 
which produced complicated fragment patterns, from which the nature of 
polymorphisms could not be certainly determined, from their phylogenetic 
analysis of New World Phaseolinae. In the current study it was desirable to 
include the result for the Dral/pLsC8-11 combination, as it was one of the five 
enzyme/probe combinations with which the accession UK-1l6, and the 
additional accessions of R. maximum, R. macrophyllum and R. catawbiense, 
were examined (see table 3.3). Thus it was decided to score each band as a 
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presence/ absence character and weight these characters as half the value of all 
other polymorphisms. The justification for this is that any site mutation will 
affect the presence/absence of one, two or three bands visualised with at least 
one enzyme/probe combination. Therefore the assumption is made that any 
site mutation causes the presence or absence of an approximate average of two 
bands. From this, any single presence/absence character in a complicated 
pattern may be weighted as half a hypothesised mutation. 
All polymorphisms were scored as 0 for the more common state and 1 
for the rarer state, except band presence characters in which absence is always 0, 
and presence 1. 
Data were analysed using PAUP version 3.1.1. (Swofford, 1993), with all 
characters weighted 2 except the Dral/pLsC8-n presence/absence characters 
which were weighted 1. A strict consensus tree was obtained from all most 
parsimonious trees generated using heuristic search. A bootstrap consensus 
tree (Felsenstein, 1985) was also produced, employing stepwise heuristic 
searching, 100 replicates and with a maxtrees limit of 2000 
3.3 Results 
3.3.1 Restriction site and length polymorphisms detected 
Thirteen restriction enzymes were tested on DNA extracts in 
combination with at least one probe. Of these, two (Hind3 and SaIl) failed to 
fully digest the samples, while another (Rsal) produced a large number of 
bands from which no polymorphisms could be confidently identified. 
Therefore, in the analysis, ten restriction enzymes were employed. These were 
BamH1, Bell, Bgl2, Clal, Dral, EcoRl, Hae3, Hpa2, Sma1 and Stu1. Five probes, 
or sets thereof, were used in combination with these enzymes to resolve 
fragment polymorphisms. The set pLsC 8-11 was tested in combination with 
all ten successful enzymes; pLsC2 was used with seven; pLsCl with four; and 
pLsC12-15 and pLsC3 each with two. The enzyme/probe combinations 
employed, together with the number of restriction fragment polymorphisms 
revealed by each, are listed in table 3.3. The full list of the polymorphisms 
determined is in table 3.5, and their distribution across cpDNA haplotypes 
resolved is given in table 3.6. 
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"-" indicates an enzyme/probe combination not employed. 
A. this figure reflects band presence/absence characters rather than the number of actual 
polymorphisms. 
Some taxa were not successfully examined with all the combinations 
employed. Certain extracts failed to produce results with a particular enzyme; 
most commonly due to the apparent failure of the enzyme to digest the extract 
(table 3.4). Of the three American species, accessions 34.0114 (R. catawbiense), 
73.4184 (R. macrophyllum) and 73.4301 (R. maximum) were examined using 
all combinations, whereas the remaining accessions of these three species (see 
table 3.2) were examined using seven enzyme/probe combinations (table 3.4). 
Accession UK-116 and R. fortunei were also only examined with a limited 
number of enzyme/probe combinations (table 3.4). 
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Table 3.4. Species and samples examined for each enzyme/probe combination 
Enzyme 
Bell 
BgI2 
Stul 
BamHl 
Bell 
Bg12 
Cial 
EcoRl 
Hpa2 
Smal 
BamHl 
BamHl 
Bgl2 
Cial 
Dral 
EcoRl 
Hae3 
Hpa2 
Smal 
Stul 
Bell 
Bg12 
Probe Accession 
(pLsC) UK-116 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
3 
8-11 
8-11 
8-11 
8-11 
8-11 
8-11 
8-11 
8-11 
8-11 
12-15 
12-15 
examined? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Additional R.fortunei Species excluded 
due to failed accessions of examined? 
American spp 
examined? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
digestion, etcl . 
None 
None 
R. hyp., R. arb.; R.d.deg. 
None 
None 
None 
None 
None 
None 
None 
R.p.(T), R.p.(E) 
R. arb., R. hypo 
None 
None 
R. aur" R.b. tau. 
None 
None 
None 
+ None 
+ None 
+ R. aur. 
+ R. hyp., R. d. hept. 
R. y.yak., R.y.mak. 
+ indicates accession(s) were examined with this combination; 
- indicates accession(s) were not examined with this combination. 
1. The abbreviations used for species are as given in table 3.2 
A total of 108 apparent polymorphisms were identified (table 3.3); of 
these three enzyme/probe combinations (Stul and Bgl2 with pLsCl; Bell and 
BgI2 with pLsC2; Hpa2 and Hae3 with pLsC8-11) were each hypothesised to 
detect the same length polymorphism. Because of the complex nature of the 
RFLP profile variation between species revealed by the Bell/pLsC2 and 
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Fig 3.1. cpDNA RFLP profiles generated by Hoa) /pLsC8-11 for taxa 
in Rhododendron subsection Pontica. and four other taxa. 
2.26 kb 2.13 kb 
-1.94kb 
Fragment sizes are shown above for the portion of the firs t eight 
tracks indicated by the line, enlarged by 180%. 
Bg12/pLsC2 enzyme/probe combinations (see below), the polymorphisms 
detected by these were not included in the phylogenetic analysis. The 
remaining polymorphisms comprised 34 of uncertain nature, 38 hypothesised 
site mutations, 7 polymorphisms defined as the presence of a band thought to 
represent site losses, and 21 polymorphisms defined as the presence of bands 
detected by Dral and pLsC8-11 (table 3.5). Sixty-five of these mutations were 
phylogenetically informative between haplotypes (table 3.6). An example of 
the variation in RFLP profiles detected by a single enzyme/probe combination 
(Hpa2/pLsC8-11) is shown in fig. 3.1. 
--------------------------------------------------------------
--------------------------------------------------------------
Table 3.5. cUDNA RFLP uolymomhisms detected across RhQdQdendron 
subsection Pontica and four other suecies. 
Polymorphism Enzyme Probe State State Mutation 
Code No. (pLsC) 0 1 type 
TI-IA 1 Stu1 1 4.47 3.49+7 Uncertain 
Len-1 2 Stu1 1 4.47 5.59 Insertion 
Tl-2 3 Stu1 1 8.70+? 9.81 Site loss 
B1-1 4 Bell 1 1.54 Site loss 
Bl-2A 5 Bell 1 1.60+7 1.62 Site loss 
Bl-2B 6 Bell 1 1.60 1.39+7 Uncertain 
Bl-2C 7 Bell 1 1.60 1.59+7 Uncertain 
Bl-3A 8 Bell 1 1.31 + 7 2.59 Site loss 
Bl-3B 9 Bell 1 1.31+7 1.72 Site loss 
Bl-5 10 Bell 1 1.58 Site loss 
Bl-6 11 Bell 1 2.45 Site gain 
Bl-7 12 Bell 1 2.97 Site loss 
Bl-8 13 Bell 1 2.62 Site loss 
G1-1A 14 Bgl2 1 1.55 1.45+? Uncertain 
GI-IB 15 Bgl2 1 1.55 1.54+7 Uncertain 
G1-2 16 Bgl2 1 9.79 4.44+(5.27) Site gain 
Len-l 17 Bgl2 1 3.99 5.01 Insertion 
M2-1A 18 BamHl 2 3.07 3.16 Uncertain 
M2-lB 19 BamHI 2 3.07 3.20 Uncertain 
M2-1C 20 BamHI 2 3.07 3.24 Uncertain 
M2-1D 21 BamHI 2 3.07 3.33 Uncertain 
M2-2A 22 BamHI 2 1.93+? 1.97 Site loss 
M2-2B 23 BamHI 2 1.93 1.87+? Uncertain 
C2-1 24 Ciai 2 3.62 3.09+1.09 Uncertain 
E2-1 25 EeaRl 2 5.73+1.36 7.51 Site loss 
E2-2 26 EeaRl 2 2.68 1.94+7 Uncertain 
H2-l 27 Hpa2 2 2.72 1.93+? Uncertain 
H2-2A 28 Hpa2 2 1.47 Site loss 
H2-2B 29 Hpa2 2 ---/1.47+7 1.48 Site loss 
S2-1A 30 Smal 2 4.15 Band pres. 
S2-lB 31 Sma! 2 3.53 Band pres. 
S2-lC 32 Smal 2 2.85 Band pres. 
S2-lD 33 Smal 2 2.78 Band pres. 
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Table 3.5. continued 
Polymorphism Enzyme Probe State State Mutation 
Code No. (pLsC) 0 1 type 
M3-1 34 BamHl 3 1.31+1.05 2.57 Site loss 
M3-2 35 BamHI 3 6.13 3.37+{2.74 } Site gain 
M3-2 36 BamHl 3 {2.74 } 1.1+1.64 Site gain 
M3-3 37 BamHl 3 3.18 Site loss 
M8-1 38 BamHl 8-11 1.78+? 1.82 Site loss 
G8-1 39 Bgl2 8-11 1.50+? 5.63 Site loss 
G8-2 40 Bgl2 8-11 4.88 Site gain 
G8-3 41 Bgl2 8-11 4.01 Site gain 
G8-4 42 Bgl2 8-11 2.97 Site loss 
G8-5 43 Bgl2 8-11 2.08 Site loss 
C8-1 44 Bell 8-11 2.72 Band pres. 
C8-2 45 Bell 8-11 2.47 Band pres. 
C8-3 46 Bell 8-11 1.31 Band pres. 
E8-1 47 EeoRl 8-11 2.58 Site gam 
E8-2 48 EeoR1 8-11 1.93 Site loss 
E8-3A 49 EeoR1 8-11 5.25+? 5.68 Site loss 
E8-3B 50 EeoRI 8 -11 5.25 3.80+? Uncertain 
E8-3C 51 EeoR! 8-11 5.25 3.66+? Uncertain 
E8-4A 52 EeoR1 8-11 6.42+? 6.8 Uncertain 
E8-4B 53 EeoRI 8-11 6.42 Site gain 
E8-4C 54 EeoRI 8-11 6.42 5.25/3.80 Uncertain 
E8-5 55 EeoRI 8 -11 11.54 9.29+2.93 Site gain 
E8-6 56 EeoRI 8 -11 0.56 0.53+? Uncertain 
E8-7 57 EeoRI 8-11 1.57 Site loss 
Has-1 58 Hae3 8 -11 1.05 Site gain 
Len-8 59 Hae3 8-11 1.42 1.38 Deletion 
Len-8 60 Hpa2 8 -11 2.13 2.09 Deletion 
H8-1B 61 Hpa2 8-11 2.13+? 2.26 Uncertain 
H8-1C 62 Hpa2 8-11 2.13 2.05+? Uncertain 
H8-2A 63 Hpa2 8-11 1.94+? 1.99 Uncertain 
H8-3 64 Hpa2 8-11 2.79 2.75+? Uncertain 
H8-2B 65 Hpa2 8-11 1.94 Site gain 
S8-l 66 Smal 8-11 13.92+? 29.57 Site loss 
T8-1A 67 Stu1 8 -11 2.31 Site loss 
T8-1B 68 Stul 8-11 2.31+? 2.41 Uncertain 
T8-1C 69 Stu1 8 -11 2.31/--- 2.55 Uncertain 
T8-2A 70 Stu1 8-11 4.50 3.69+? Uncertain 
T8-2B 71 Stul 8-11 4.50 3.77+? Uncertain 
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Table 3.5. continued 
Polymorphism Enzyme Probe State State Mutation 
Code No. (pLsC) 0 1 type 
D8-1 72 Dra1 8-11 8.18 6.68+1.6 Site gain 
D8-B 73 Dral 8-11 6.86 Band pres. 
D8-D 74 Dra1 8 -11 6.18 Band pres. 
D8-E 75 Dra1 8-11 5.52 Band pres. 
D8-0 76 Dra1 8-11 4.79 Band pres. 
D8-H 77 Dra1 8-11 4.33 Band pres. 
D8-1 78 Dra1 8 -11 4.19 Band pres. 
D8-J 79 Dra1 8-11 4.01 Band pres. 
D8-K 80 Dra1 8-11 3.90 Band pres. 
D8-L 81 Dra1 8-11 3.42 Band pres. 
D8-M 82 Dral 8-11 3.03 Band pres. 
D8-N 83 Dra1 8-11 2.79 Band pres. 
D8-0 84 Dral 8-11 2.51 Band pres. 
D8-Q 85 Dra1 8-11 2.40 Band pres. 
D8-R 86 Dra1 8-11 2.38 Band pres. 
D8-S 87 Dral 8-11 1.65 Band pres. 
D8-T 88 Dra1 8-11 1.60 Band pres. 
D8-U 89 Dra1 8-11 1.49 Band pres. 
D8-V 90 Dral 8-11 1.48 Band pres. 
D8-W 91 Dra1 8-11 1.46 Band pres. 
D8-X 92 Dra1 8-11 1.39 Band pres. 
D8-Y 93 Dra1 8-11 1.32 Band pres. 
B12-1 94 Bell 12-15 7.65 Site loss 
B12-2A 95 Bell 12-15 4.39+? 4.66 Uncertain 
B12-2B 96 Bell 12-15 4.39 Site gain 
B 12-3A 97 Bell 12-15 4.93 1.87+? Uncertain 
B12-3B 98 Bell 12-15 4.93 2.96+1.59 Site gain 
B12-4A 99 Bell 12-15 2.15+? 2.86 Uncertain 
B 12-4B 100 Bell 12-15 2.15 2.06+? Uncertain 
B12-4C 101 Bell 12-15 2.15+ ? 2.27 Uncertain 
B12-4D 102 Bell 12-15 2.15+? 2.35 Uncertain 
012-1 103 Bgl2 12-15 4.56 3.96+? Uncertain 
012-2 104 Bgl2 12-15 20.03 12.19+? Uncertain 
The sizes shown are those calculated for each fragment, it is accepted that there will be some 
degree of error in sizing and hence fragments hypothesised to result from the splitting of a single 
fragment do not appear to add up exactly. 
o Fragment sizes in normal parentheses indicate a hypothesised fragment not detected. 
{} Indicates a fragment which is hypothesised to be a portion of DNA which is a part of 
different fragments in different haplotypes but not present as a detached fragment in any known 
haplotype. 
? Question marks indicate a portion of DNA which may be absent through either deletion or a 
small fragment detached from those visualised by a restriction site. 
N.B. Polymorphisms detected by Bcll/pLsC2 and Bg12/pLsC2 are not shown in this table. 
--------------------------------------------------------------
--------------------------------------------------------------
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One of the length polymorphisms was a deletion of c. 0.04 kb. in the 
pLsC8-11 region (table 3.5), which can be detected with Hpa2 or Hae3, and is 
unique to haplotype IE (table 3.6). It was designated as Len-8, and is discussed 
further in Chapter 4. 
Another length polymorphism, designated Len-2, is apparently an 
artefact of a region of hypervariable length within the pLsC2 region (Chapter 
4). This polymorphism had 14 distinct states amongst the haplotypes of 
subsection Pontica included and shows infraspecific polymorphism in four of 
the six species in the subsection from which multiple haplotypes were 
identified and examined; hence it is not shown in tables 3.5 & 3.6. Olmstead & 
Palmer (1994) have recommended the exclusion of hypervariable regions from 
phylogenetic analyses, and so the results of the combinations Bcll/pLsC2 and 
Bg12/pLsC2, which detect this polymorphism, were not included in the 
phylogenetic analysis. It was for this reason that the three rare Turkish 
haplotypes of R. ponticum (TB, TD and TE; see Chapter 4), all of which are only 
distinguished from the common Turkish haplotype TA by these 
enzyme/probe combinations, were in the event excluded from the 
phylogenetic analysis. 
The phylogenetic analysis was performed on a total of 27 haplotypes 
resolved from 20 Rhododendron taxa and two accessions which possessed 
haplotypes of unknown origin (table 3.6). 
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Table 3.6. Character states determined for each polymorphism for each 
accession, and haplotype designated for each accession. 
Species 
R. maximum 
R. maximum 
R. macrophyllum 
R. macrophyllum 
R. macrophyllum 
R. catawbiense 
R. catawbiense 
R. catawbiense 
R. ponticum 
R. ponticum 
R. ponticum 
R. ungernii 
R. smirnovii 
R. caucasicum 
R. aureum 
R. hyperythrum 
R. brachycarpum 
R. b. fauriei 
R. degronianum 
R. d. hondoense 
R. d. heptamerum 
R. y. makinoii 
R. yakushimanum 
R. arboreum 
R. argyrophyllum 
R. adenopodum 
R. fortunei 
Accession UK-V 
Accession UK-116 
Accession(s) 
73.4301 
M.Strate2 
73.4184 
62.3494 
69.0512 
81.0634 
34.0114 
M Stratel, JBalfourl 
80.0046 
HZ7,HYl l 
HA4,HQ4,HHl l 
KY3,IK3,TB2 1 
68.3836 
69.8845 
52.1068 
45.0053 
41.0106 
69.8417 
77.2180 
34.1071 
34.0207 
66.0140 
72.4002 
832540 
76.0141 
69.8367 
62.0072 
73.1238 
UK-V 
UK-116 
/ Indicates missing data. 
Hapio 
-type 
)QC 
XP 
MA 
MB 
MA 
CA 
CB 
CB 
IE 
IL 
TA 
U 
S 
KC 
AU 
HY 
BB 
BF 
JD 
JO 
JJ 
YM 
YY 
ARB 
ARG 
ADN 
FRT 
V 
QA 
Mutation states 
(no.s 1-17; pLsCl) 
10 
.... ' ••.. I 
0010000010 000000= 
IIIIIIIIII 111000= 
0000000000 000010= 
IIIIIIIIII 111010= 
IIIIIIIIII 111010= 
IIIIIIIIII 111001= 
0000000000 010001= 
IIIIIIIIII 111001= 
0011000001 000101= 
001/000001 000101= 
0010000001 000000= 
0011000000 000000= 
0000000000 001000= 
1000001000 000000= 
1000100000 1000011 
1110110100 000001= 
1000100000 000000= 
1000100000 000000= 
1110000000 000000= 
0000000000 000000= 
0000000000 100000= 
0000000000 000000= 
0000000000 000000= 
1110000000 000101= 
1100010000 000001= 
0000000000 000000= 
1110010000 000001= 
0010000000 000001= 
IIIIIIIIII 111000= 
= Indicates that this character was assumed to represent the same length mutation as another 
(table 3.5) and was thus not included in the analysis. 
1 The character states for each haplotype of R. ponticum were in most cases determined for only 
one of the accessions shown. 
55 
Table 3.6. continued. 
Haplo- Mutation states Mutation states 
type (no.s 18-33; pLsC2) (pLsC3) (no.s 38-58; pLsC8-11) 
20 30 40 50 
.. I •••• I •••• I . .. I •..• ' .... I , .. . - . ~ ... 
xx 000 0000101100 000 0010 000 1000011110 00000001 
XP /// /////////1 000 //// /// //////1110 0000000/ 
MA 00/ 11/0001100 100 0000 100 0111001100 00100100 
MB /// /////////1 000 //// /// //////1100 0010010/ 
MA /1/ //1/1/1//0 100 //// /1/ /1////1100 00100100 
CA /// /////////0 100 //// //1 //////1100 01/0010/ 
CB 01/ 0000001101 000 00/0 100 0111001100 00100100 
(CB) /1/ /////////1 000 / / /I //1 //////1100 00100100 
IE 000 0000001100 000 /I / / 000 0000110000 00000001 
IL 000 0000001100 000 0000 000 0000110000 00000001 
TA 000 0000001100 000 ///1 000 0000110000 00000001 
U 000 0000001/00 000 0000 000 0000110000 00000001 
S 10/ 0001010/00 001 0000 000 0001000000 00000000 
KC 000 0010001100 000 0000 000 0001100000 00000000 
AU 000 0010001/00 000 0000 000 0001000000 00000000 
HY 001 0000000010 000 0000 /11 0101100001 00000000 
BB 000 0010001100 000 0000 000 0001100000 00000000 
BF 000 0010001100 000 0000 000 0001100000 10000000 
JD 000 0000000000 000 0000 000 0000000100 00000000 
JO 001 0000000000 000 0000 000 0001000100 00000000 
JJ 000 0000000000 000 0000 000 0000000000 00000000 
YM 001 0000000000 000 0000 000 0001000100 00000000 
YY 000 0000000000 000 0000 000 0001000000 00000100 
ARB 000 0000000000 000 0000 /10 1101110001 00001000 
ARG 001 0000000000 000 0000 110 /10110000/ 00010010 
ADN 001 0000000000 010 0000 100 010100000/ 00010000 
FRT 000 000/000010 000 / /I / 111 010///0001 0000000/ 
V 000 000000000/ /// 1101 110 1101110001 00001001 
QA //1 //1/1//1/0 000 / / /I //1 //////0001 0000001/ 
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Table 3.6. continued. 
Haplo- Mutation states Mutation states Mutation states 
type (59-71; pLsC8-1l) (72-92; Dra1/pLsC8-11) (72-92; pLsC12-15) 
60 70 80 90 100 
. I ..•. ' .... I ... ' •••• I •••• ' .•.. I • ' •.•• I 
xx =0 0000001000 0 100011000 0000000000 000 0000010 0010 
XP =0 00000///// / 100011000 0000000000 000 /1//1// / /10 
MA =0 1010011100 0 110000100 0000001000 000 1000000 0000 
MB =0 10100///// / 110000100 0000001000 000 /////// //// 
MA =0 10100///// / 110000100 0000001000 000 /1/1/1/ //// 
CA =0 10100///// / 110000100 0000010000 000 /////// //// 
CB =0 1010011100 0 110000100 0000010000 000 0000000 0000 
(CBl =0 10100///// / 110000100 0000010000 000 /////// //// 
IE =1 0000001000 0 101000/00 0110000000 000 0100000 0000 
IL =0 0000001000 0 101000/00 0110000000 000 0100000 0000 
TA =0 0000001000 0 101000/00 0110000000 000 0100000 0000 
U =0 0000001000 0 100100000 0000000000 000 0100001 0010 
S =0 0000000000 0 000001001 0000000010 000 0000000 0000 
KC =0 0100001000 0 101000000 0000000010 000 0000000 0010 
AU =0 1000001000 0 ///////// ///11///// /// /////1/ //10 
HY =0 001000/010 0 001000100 0000000101 000 0010000 00// 
BB =0 0000000001 0 101000000 0000000010 000 0001000 0000 
BF =0 0000000001 0 101000000 0000000010 000 0001000 0000 
JD =0 0000000001 0 010001001 0000000010 000 0001000 0000 
JO =0 0000000001 0 010001001 00000000/0 000 0000100 0000 
JJ =0 0000000001 0 001000000 00001000/0 000 0001000 10// 
YM =0 0000000001 0 010001001 00000000/0 000 0001000 00// 
YY =0 0000000001 0 011000000 0000000010 000 0001000 00// 
ARB =0 0010001000 0 010000010 1001000100 011 0100000 0000 
ARG =0 0011000000 0 000001010 0000000000 000 0000000 0000 
ADN =0 001000000/ 1 010000000 0000000000 000 0000000 0100 
FRT =0 0010000000 0 010000010 0000000100 100 0000000 0000 
v =0 0010000000 0 010000010 1001000000 011 0000000 0000 
QA =0 10000///// / 101000000 0000000000 100 /1/1/1/ //// 
--------------------------------------------------------------
--------------------------------------------------------------
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3.3.2. Phylogenetic trees 
Five most parsimonious trees were generated, from which a strict 
consensus tree was produced (fig. 3.2). Rhododendron fortunei was designated 
as the outgroup, but monophyly was not enforced on the ingroup, as the 
evolutionary interrelationships of the species outside subsection Pontica are 
uncertain. The trees all have a length of 136.5 steps, a consistency index of 
0.656 and a retention index of 0.789. The bootstrap consensus tree generated 
from the same data set is shown in fig. 3.3. 
All species in subsection Pontica except R. hyperythrum are placed in 
four clades which form a monophyletic group. The most parsimonious trees 
disagree as to whether R. adenopodum forms a fifth clade within subsection 
Pontica or is a sister group to it. The bootstrap consensus tree (fig. 3.3) places 
this species as the sister group of subsection Pontica with 54% support for the 
monophyly of the subsection excluding this species. 
An alternative bootstrap tree (not shown), in which the band 
presence / absence characters produced by Dral / pLsC8-11 were excluded, was 
produced for comparison. The only differences from the original bootstrap 
tree (fig. 3.3) consisted of minor changes in the topology of the two poorly 
resolved clades (2 and 4) and differences of up to 23% in the bootstrap values 
for individual nodes. 
Apart from the basal trichotomy, only two polytomies occurred in the 
strict consensus tree, thus demonstrating the areas of discordance amongst the 
five most parsimonious trees. One polytomy was present within clade 4, while 
the second was a trichotomy at the base of subsection Pontica from which the 
three branches were R. adenopodum, clade 4, and the branch giving rise to the 
other 3 clades. 
Clade 1 contains R. ponticum and R. ungernii as a species pair with 56% 
bootstrap support, and with 70% support for R. maximum as their sister group. 
The monophyly of the two accessions of R. maximum is well supported, as is 
the monophyly of all material of R. ponticum. The Iberian material of R. 
ponticum, which comprises the accessions from Spain and Portugal, is also 
monophyletic. 
58 
Fig 3.2: Strict concensus tree of five most parsimonious trees generated 
for Rhododendron subsection Pontica 
and four other species. 
Rhododendron sp. (Haplotype) 
9 I maXlmum (XP) 
I 0 maXlmum (XX) 
4.-
1 ponticum (IE) 
2 I 
I () ponticum (IL) 3.5 
3 1 ponticum (TA) 
1.5 1.5 ungernii (U) 
3 caucasicum (KC) 
1.5 0 b. brachycarpum (BB) 4 I 
• 
3.5 I 1 b·fauriei (BF) 
4 0 (AU) 
l.S I aureum 
I 2 Accession UK-116 (QA) 
1 macrophyllum (MA) 4.5 i 
I 1 macrophyllum (MB) 
::~:::~ 8.5 
2 
3.5 I catawbiense (CA) 
I 1 catawbiense (CB) 4.5 
5.5 smirnovii (S) 
0 
1.5 i:!I:~: d. degronianum (JD) 1 d.hondoense (JO) 
2 2S d. heptamerum (JJ) 1.5 1 I 
I 1.5 y. yakushimanum (YY) 
0 y. makinoii (YM) 
~:!!"!!~ 4 adenopodum (ADN) 
2.5_ 3.5 arboreum (ARB) 
6 I 
I 4 Accession UK -V (V) 
4.5 argyrophyllum (ARG) 
6 hyperythrum CRY) 
1 fortunei (FRT) 
Note: values shown above branches represent the minimum length for each branch that is found amongst the 
five most parsimonious trees. Numbers in shaded circles represent the clade numbers refered to in the text. 
Fig 3.3: Bootstrap consensus tree for Rhododendron subsection Pontica and 
four other species. 
79 
62 
72 
70 
56 
99 
54 
99 
90 
Rhododendron sp: (haplotype) 
maximum (XP) 
maximum (XX) 
ponticum (IE) 
ponticum (lL) 
L....-__ ponticum (T A) 
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ungernii (U) 
caucasicum (KC) 
b. brachycarpum (BB) 
b. fauriei (BF) 
aureum (AU) 
Accession UK-116 (QA.) 
macrophyllum (MA) 
macrophyllum (MB) 
catawbiense (CA) 
catawbiense (CB) 
smirnovii (S) 
d. degronianum (JD) 
d. hondoense (10) 
y. makinoii (YM) 
d. heptamerum (JJ) 
y. yakus himanum (YY) 
L..-___________ adenopodum (ADN) 
99 arboreum (ARB) 
Accession UK-V (V) 
argyrophyllum (ARG) 
hyperythrum (RY) 
L..-_______________ fortuneii (FRT) 
Note: figures above branches are bootstrap frequencies from 100 replicates. 
Clade 2 contains R. caucasicum, R. brachycarpum and R. aureum, plus 
accession UK-116, which possesses the haplotype QA of unknown taxonomic 
origin. There is strong (84%) bootstrap support for the two subspecies of R. 
brachycarpum being each other's closest relative. Otherwise bootstrap values 
throughout the clade are less than 50%. 
Clade 3 has 99% support and contains R. catawbiense and R. 
macrophyllum, each of which comprises two haplotypes. However the two 
haplotypes of each species are grouped together with much weaker 
(respectively 56% and 58%) support. 
Clade 4 contains R. degronianum and R. yakushimanum and their 
respective infraspecific taxa, plus R. smirnovii. R. d. ssp heptamerum and R. y. 
ssp yakushimanum group together, though with no bootstrap support. In the 
strict consensus tree this pair forms one branch of a tetrachotomy, of which the 
other three branches are the other infraspecific taxa of these species. R. 
smirnovii is placed as the sister group to this clade by the strict consensus tree, 
but is placed inside the clade in the bootstrap tree. Therefore it is best regarded 
as the fifth branch of a pentachotomy in this clade, and is shown as such in fig. 
3.4. 
The tree does not determine with confidence the relative positions of 
the four clades, nor whether R. adenopodum represents a fifth clade or a sister 
group to the remainder. 
Accession UK-V is shown to be a sister taxon of R. arboreum, with 99% 
support. This pair is the sister group to subsection Pon tica plus R. 
adenopodum. R. argyrophyllum is in turn the sister group to all these taxa. 
The basal trichotomy comprises R. fortunei, R. hyperythrum and a clade 
comprising all the other taxa. 
Empirical tests have shown that a clade which has a bootstrap value of 
70% or greater may be viewed as having significant support (Hillis & Bult 
1993). Therefore, although bootstrap values for many of the clades in the tree 
are lower than 70%, the following assertions are backed up by at least one node 
with a bootstrap value over 70%: 
1) The three American species do not form a monophyletic group; R. 
catawbiense and R. macrophyllum are a well supported species pair derived 
from a lineage to which R. maximum is not closely related. 
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2) R. hyperythrum's cpDNA type places it outside of subsection Pontica, and 
less closely related to the subsection than are R. arboreum and R. 
argyrophyllum. 
3) Accession UK-V is closely related to R. arboreum. 
4) R. ungernii and R. smirnovii are not close relatives, and the Black Sea area 
has therefore been colonised by more than one ancestral lineage. 
5) R. ponticum and R. caucasicum are not sister species. This has implications 
for the study of their hybrid, R. x sochadzeae (Chapter 6). It also indicates that 
the Black Sea area has probably been colonised by three, rather than two, 
independent lineages. 
The following hypotheses are suggested by the tree but are not strongly (70% or 
more) supported: 
Japan was colonised by more than one lineage, i.e. members of clades 2 
and 4; accession UK-116 is a member of clade 2, grouping most closely with R. 
aureum; R. ungernii and R. ponticum are sister species. This latter hypothesis 
is more strongly supported, with a bootstrap value of 74%, in the tree which 
excluded the presence/absence characters generated by Dra1/pLsC8-11. 
3.4. Discussion. 
3.4.1. The Phylogeny, phytogeography and possible migration patterns of 
Rhododendron species in subsection Pontica. 
Phylogenetic trees can be used to elucidate the phytogeographic history 
of a genus or species group (Humphries, 1992). Generally it is only possible to 
identify with confidence the area of origin of a species group if the most 
phylogenetically primitive taxa can be identified and shown to occupy the 
same geographic area (Humphries, 1992). Where a group is divided into two 
clades at the base, and these occupy well separated areas, then it is usually not 
possible to determine in which of these areas the group arose, unless 
additional information is available concerning the group's sister group and its 
location (Wendel & Albert, 1992; Krupkin et al., 1996). 
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Fig 3.4: Area cladogram of Rhododendron subsection Pontica and four 
other species 
Rhododendron 
specIes 
Area of occurrence 
....------maxlmum 
ponticum (IE)-
ponticum (lL}-
ponticum (TA)- - -
ungemii (U) - - - -
caucaSlcum - - - -
brachycarpum 
& ssp·fauriei -
L..----aureum 
macrophyllum 
catawbiense -
. " 
smlmOVll 
d. degronianum 
Korea 
Korea, 
China, etc. 
- (USA (EU 
Spain 
Portugal 
Black Sea 
Black Sea 
~Iackse~ 
Japan 
Japan 
d. hondoense - Japan 
d. heptamerum - - - - - - Japan 
y. yakushimanum Japan 
y. makinoii - - Japan 
L---~i:~'r-----adenopodum 
'---------~rboreum - Himalayas 
L----------argyrophyllum -C China) 
I-----------hyperythrum - g 
L...-----------fortunei - - -( China) 
Note: the phylogeny used for this tree is effectively a strict consensus between the bootstrap tree (fig 3) 
and the original strict consensus tree (fig 2), which differ in the placement of R. smimovii. Clade numbers 
are shown in circles as in fig. 2. cpDNA haplotypes are shown in parethentheses for R. ponti cum, which is 
the only species in which haplotypes were shown to have different distributions (Chapter 4). 
The poor resolution of the relative positions of the four or five clades of 
subsection Pontica, and of the internal arrangement of clades 2 and 4, prevents 
accurate determination of which taxa might occupy phylogenetic positions 
towards the base of the clade comprising the subsection. Therefore, the 
phylogeny offers little insight into the area of origin of subsection Pontica. 
Poor resolution of the base of a phylogeny may be due to the lineages having 
diverged over a relatively short period of time, thus preventing the 
accumulation of diagnostic mutations between phylogenetic nodes (van Ham 
& 't Hart, 1994) Alternatively the outgroup species might be too distantly 
related to the ingroup (van Ham & 't Hart, 1994), although in the current study 
the use of at least three species from outside subsection Pontica should reduce 
the possible effects of outgroup distance. However, it cannot be ruled out that 
the poor resolution in the current analysis stems from use of an insufficent 
number of characters, and/or mistakes in the identification of some of the 
polymorphisms. It is also possible that the high degree of intraspecific 
variation apparently present in the section hinders accurate resolution, as only 
a sample of this variation is included for each species. 
Nonetheless, the cpDNA phylogeny indicates that America, Japan and 
the Black Sea area of Eurasia were each colonised by at least 2 independant 
lineages within subsection Pontica. An area cladogram for the group (fig. 3.4) 
emphasises the fact that members of clades 1, 2 and 4 occur in widely separate 
areas. As the probable sister taxa of the group, R. arboreum, R. adenopodum 
and R. argyrophyllum, all occur in mainland Asia, the simplest hypothesis for 
the phytogeographic origin of subsection Pontica would appear to be that it 
arose on mainland Asia and subsequently spread to the areas that it occupies 
now. The discordance between clade membership and current area of 
occurrence for species (fig. 3.4) indicates, tentatively, that many of the cpDNA 
lineages diverged within the major clades of subsection Pontica before species 
became geographically divided from one another. 
Subsection Luteum in subgenus Azalea has a very similar range to 
subsection Pontica, occurring in the Black Sea region, Japan, China and North 
America. It differs, however, in that North America is its centre of diversity, 
containing about 16 species whilst the other three regions each have one 
(Bean, 1976). This similarity suggests that the two subsections may have had 
similar phytogeographic histories. Another ericoid genus, Epigaea, has one 
species each in Japan, eastern N. America and the Black Sea region (Stevens, 
1978). Humphries (1992) argues that similar species distribution patterns 
amongst separate groups suggests that movement between areas in the past 
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was facilitated through contact between now separate landmasses. A future, 
more detailed, study of the phytogeography of subsection Pontica might also 
examine in parallel subsection Luteum. Also, molecular divergence between 
species in the three areas could be examined (see Lee et al. 1996) in 
Rhododendron subsections Ponticum and Luteum, and possibly other 
similarly distributed genera such as Epigaea. This could be regarded as a test of 
the hypothesis that members of these groups migrated together, as species 
assemblages, to the areas they occupy now. Stevens (1978) termed a pattern of 
occurrence comprising the Black Sea region, Japan and parts of N. America as a 
"tertiary relict distribution". If molecular clocks for these species assemblages 
could be developed, then their migration patterns could be related to past 
climatic episodes and continental drift. 
3.4.2. The interrelationships of the N. American species 
There is very strong (99%) bootstrap support for R. catawbiense and R. 
macrophyllum being sister taxa. This agrees with the judgement of Bean 
(1976) who stated that R. macrophyllum "may be considered as the western 
form of R. catawbiense", but not Chamberlain (1982) who stated that R. 
maximum and R. macrophyllum were allied to one another. The phylogeny 
places R. maximum in a different clade, and thus not closely allied to the two 
other American species. The polyphyly of a group of species in a geographic 
area can be taken as evidence that the area was colonised by independant 
lineages (Humphries, 1992; Wendel & Albert, 1993; Krupkin et al., 1996). The 
relative phylogenetic positions of the American species indicates that R. 
maximum diverged from extant Eurasian lineages later than the common 
ancestor of R. catawbiense and R. maximum. 
It is not possible from the limited data acquired in the current study to 
determine whether the two lineages reached America during the same period 
or at separate times. Lee et & (1996) employed molecular clocks to assess 
divergence between four taxon pairs with East Asia - North America range 
disjunctions. The data for the four pairs involved, strongly suggested that they 
had not all reached America at the same time, and that two vicariance events 
had occurred, one in the late miocene (7-8 m.y.a.) and the other much earlier, 
20-26 m.y.a.. The possibility therefore exists that the two lines of subsection 
Pontica which colonised America may have reached the continent at very 
different times, and that a detailed survey of molecular divergence in 
Rhododendron subsection Pontica might resolve the issue. 
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Two cpDNA haplotypes were identifed from five samples of R. 
catawbiense; these were type CA, present in one sample, and type CB, present 
in four. Similarly two haplotypes were identified amongst three accessions of 
R. macrophyllum, of which type MA was present in two samples and type MB 
occurred in one. Both species are polymorphic for the same two states of the 
length mutation (Len-2) in the pLsC2 region. The states of this region are 
arbitrarily designated as the deviation in length from the average value across 
all species (tables 4.3.2 and 4.3.3.). Haplotypes MA and CA have a +0.24 kb 
length alteration, while CB and MB exhibit a +0.64 kb length alteration relative 
to the mean value. Neither of these length values occurs outside these two 
species. The possession of this polymorphism by both species could be a result 
of lineage sorting (Doyle, 1992), causing retention of a polymorphism which 
predated their divergence. However, the two haplotypes of R. macrophyllum 
share at least one apomorphy (a presumed Bg12 site gain in the pLsC1 region), 
which would have to be regarded as a parallellism were the lineage sorting 
hypothesis to be accepted. The alternative explanation is that the 
polymorphism was present in the ancestor of both species, but one diverged 
with initially a single haplotype, in which apomorphies arose, following 
which a further change in the Len-2 region restored the polymorphism. There 
is insufficient data to distinguish between these hypotheses, and it can only be 
concluded that the two species are very closely related. 
The placement of R. ponticum and R. maximum in a separate clade to 
R. macrophyllum and R. catawbiense contradicts the placement by some 
authors (Tagg 1930, Spethmann, 1986) of these four species in a separate section 
(subsection Ponticum) to the remaining species of subsection Pontica (which 
are then placed in subsection Caucasicum). The morphological similarity 
between these species, particularly between R. ponticum and R. catawbiense, is 
remarkable given both their geographic separation and their phylogenetic 
position (Chamberlain, 1982). This may indicate that these species' 
morphological traits are primitive in subsection Pontica, but the poor 
resolution of the relative positions of clades within the subsection prevents 
any firm conclusions being drawn concerning which morphological characters 
are likely to be plesiomorphic. 
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3.4.3. The phylogenetic position and possible evolutionary history of R. 
hyperythrum 
The cpDNA phylogeny clearly separates R. hyperythrum from the other 
species of subsection Pontica. It is placed at the base of the tree, more distant 
from subsection Pontica than are R. argyrophyllum or R. arboreum. This 
suggests that R. hyperythrum, or certainly its cpDNA haplotype, belongs to a 
subsection not closely related to subsection Pontica. Morphologically, 
however, R. hyperythrum is linked to the rest of subsection Pontica by the 
characters of corolla shape and inflorescence form (Chamberlain, 1982), 
although it also has punctate hair-bases which do not occur elsewhere in 
subsection Pontica (Chamberlain, 1982). Discord between cpDNA trees and 
morphological analyses are common (Humphries, 1992; Wendel & Albert, 
1992; Krupkin et al., 1996; Panero & Jansen, 1997; Spooner & Castillo, 1997) and 
are most commonly attributed to reticulation events (Doyle, 1992; Rieseberg, 
1991; Soltis et al., 1991; Soltis & Kuzoff, 1995; Smith & Sytsma 1990; but see 
Spooner et.ill.:., 1991). Strong evidence exists for reticulation between genera, 
for example in the Heuchera group in Saxifragaceae (Soltis et al. 1991, Soltis & 
Kuzoff, 1995), and thus reticulation events between subsections in a large 
genus in which hybridisation is common, such as Rhododendron, are 
conceivable. A reasonable hypothesis for the origin of R. hyperythrum would 
therefore appear to be that it arose as a hybrid between a member of subsection 
Pontica, from which it acquired that subsection's distinctive morphological 
traits, and a member of another subsection, from which it inherited the 
cpDNA haplotype and also the punctate hair bases. This would explain why 
morphological features common to, and alien to, subsection Pontica are 
combined in a single species. From the information currently available, an 
alternative hypothesis that R. hyperythrum is not closely related to subsection 
Pontica and acquired the morphological similarities to it through convergence 
cannot be rejected. If it is of hybrid origin, then it could have arisen in Taiwan, 
in which case the paternal ancestor might reasonably be considered to be 
extinct, as the geographically closest extant species of subsection Pontica is R. 
yakushimanum, 1100 km away in Japan. The other possibility is that it 
originated at an earlier geological time before the lineages of subsection Pontica 
became confined to the areas they occupy now, in which case any extant 
lineage could conceivably have contributed the paternal parent. 
Further phylogenetic investigation could resolve these issues. The 
hybridisation hypothesis could be tested by determining whether R. 
hyperythrum was placed significantly closer to subsection Pontica in an 
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analysis using nuclear markers than it is using cpDNA markers. However, 
nuclear rDNA RFLP markers appear to resolve few polymorphisms in 
subsection Ponticum (Chapter 6), and nuclear markers in general have been 
found to be difficult to obtain in Rhododendron (Hyam, 1997). It would also be 
of value to determine the exact position of R. hyperythrum in a cpDNA 
phylogeny containing species which occur close to or in Taiwan. If R. 
hyperythrum is of hybrid origin, then knowing the closest extant relative of 
the maternal ancestor would assist in the identification of its paternal ancestor 
through morphological and/ or nuclear markers. 
3.4.4. The position and possible evolutionary history of R. ungernii 
Morphologically, R. ungernii resembles R. smirnovii much more 
closely than it does R. ponticum (Chamberlain, 1982 & pers. obs). The cpDNA 
phylogeny, however, shows R. ponticum and R. ungernii to be sister species, 
forming a clade with R. maximum which does not include R. smirnovii. This 
is another example of discordance between morphological and molecular data, 
and could result from a reticulation event. As there is little morphological 
similarity (beyond the shared traits which define subsection Pontica) between 
R. ponticum and R. ungernii (Chamberlain, 1982 & pers. obs), the fact that they 
have similar cpDNA could be the result of a past instance of chloroplast 
capture accompanied by little or no nuclear introgression. It is also possible 
that the morphological similarity may be partly or wholly due to convergence, 
as the habitats of R. ungernii and R. smirnovii are fairly similar, or that a 
limited amount of introgression from R. smirnovii into R. ponticum played a 
lesser part in the evolution of R. ungernii. A phylogenetic analysis using 
nuclear markers would be the best approach to investigate this possibility. 
3.4.5. Direction of mutations within R. ponticum 
Three polymorphisms clearly separate Turkish and Iberian R. ponticum, 
of which two were included in the phylogenetic analysis. The phylogeny 
shows that both of these mutations are apomorphies in the Iberian 
populations. Turkish and Iberian material (in common with most other taxa 
in subsection Pontica) each have unique states for the hypervariable "Len-2" 
region, and there was, therefore, no available means of determining the 
directions of character changes in this region. 
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The phylogeny confirms that the single character separating Spanish (IE) 
haplotypes from the remaining material of R. ponticum is apomorphic and 
unique to this haplotype. 
3.4.6. Identity of haplotypes of unknown origin 
3.4.6.1 Haplotype "OA" 
Accession UK-116, which contained the haplotype "QA", was resolved 
as the sister taxon to R. aureum, but with no bootstrap support. These two 
taxa, together with R. caucasicum and R. brachycarpum form clade 2, for which 
the overall resolution lacks bootstrap support. If the Dral / p LsC8-11 
presence/ absence characters are excluded, the QA type then becomes sister to 
the other three species of this clade, with very low (22 %) bootstrap support. 
The poor resolution is probably the result of a small proportion of 
polymorphisms having been determined for type QA (tables 3.4 & 3.6). 
Rhododendron aureum is rare in cultivation in Britain and is one of the most 
difficult species in subsection Pontica to grow (Bean, 1976), but it could have 
been crossed with R. ponticum in the past and so it is not impossible that this 
is the cpDNA parent of accession UK-116. Without more data for this sample, 
however, the QA haplotype must continue to be considered as of unknown 
taxonomic origin. 
3.4.6.2. Haplotype "V" 
The phylogenetic analysis clearly shows that the accession UK-V, which 
contained haplotype "V", is a sister group of R. arboreum, and is thus more 
closely related to this species than it is to any other surveyed. It is not possible 
to determine with certainty whether this haplotype is derived from R. 
arboreum without surveying the closest relatives of R. arboreum. According 
to Chamberlain (1982), these are R. niveum and R. lanigerum, both of which 
are hardy in the UK. All of these species flower comparatively early in the 
season, as did the population in Scotland from which accession UK-V was 
collected. 
Haplotype V differs from the cpDNA of the accession sampled of R. 
arboreum in five polymorphisms; however, infraspecific variation of this 
magnitude could reasonably be expected to occur in R. arboreum. The species 
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is morphologically highly variable and widespread, comprising a total of seven 
infraspecific taxa, and occurs in Sri Lanka, N. and S. India and westwards 
through Nepal and Burma into China and Thailand (Chamberlain, 1982). 
Infraspecific variation was detected in all seven of the species of subsection 
Pontica for which more than one accession was included in the phylogenetic 
analysis, and thus it is likely to be prevalent in R. arboreum also. 
R. arboreum is known to have been crossed with R. ponticum (Bean, 
1976, Coats, 1963; sect. 5.1.2), and is for this reason a more likely donor of 
haplotype V than any of its close relatives. Thus it is suggested that the donor 
of haplotype V is termed Rhododendron d. arboreum. The morphology of the 
plants which form the Ben Vorlich population, in which haplotype V was 
present, did not conform to that of any cultivated species, thus this population 
would appear to be a hybrid involving R. d. arboreum as cpDNA parent and 
one or more unidentified species as the other parent(s). 
3.5. Concluding remarks. 
The construction of the cpDNA phylogeny for Rhododendron 
subsection Pontica described in this chapter has been of value in determining 
some of the evolutionary history of this group. The phylogeny suggests that R. 
hyperythrum is not a member of subsection Pontica, but otherwise agrees with 
the classification of Chamberlain (1982), rather than Spethmann (1986) in 
uniting all species in the group as a single subsection. The phylogeny has 
shown that R. ponticum is most closely related to R. ungernii and not R. 
caucasicum, which has implications for the study of the hybrid R. x sochadzeae 
(see chapter 6). Moreover, the demonstration of the direction of mutational 
changes within R. ponticum could be of value for studies of this species' 
migrationary history. The phylogeny as a whole raises interesting questions 
about the evolution of subsection Pontica, in particular concerning long 
distance migration of species which left apparently no surviving descendants 
in intervening areas. There are also a number of putative instances of 
reticulate evolution, which could be investigated further by future research. 
The limited sampling carried out in the current study indicates that 
infraspecific cpDNA variation may be common and widespread in subsection 
Pontica. It is recommended, therefore, that multiple accessions of all taxa are 
included in any future phylogenetic analyses. The current study has 
demonstrated that cpDNA RFLP variation within subsection Pontica is ample 
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for the purposes of constructing a phylogenetic tree, although a more 
systematic approach to seeking and identifying polymorphisms is 
recommended. The creation of a nuclear phylogeny, involving the same 
species, would also be of value in examining possible cases of reticulate 
evolution such as those hypothesised from the findings of the current study. 
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Chapter 4 
Survey of infraspecific cpDNA variation within Rhododendron ponticum 
"At any rate, the seed which the Martians (intentionally 
or unintentionally) brought with them gave rise in all 
cases to red-coloured growths. Only that known 
popularly as the Red Weed, however, gained any 
footing in competition with terrestrial forms. 
Afterwards I found it broadcast throughout the country, 
and especially wherever there was a stream of water." 
H.G. Wells, 
"The War of the Worlds" 
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4.1 Introduction. 
4.1.1 Turkish and Iberian material of Rhododendron ponticum: their 
taxonomy and morphology 
Iberian and Turkish populations of Rhododendron ponticum have for 
most of this century been considered to be subspecies (respectively baeticum 
and ponticum). However, this seems to be due to the fact that the range of 
morphological variation in the two types has not been compared in detail 
until recently. R. ponticum was discovered by Tournefort in the near east (i.e. 
Turkey or the Caucasus) during 1700-2 (Coats, 1963) and described by Linnaeus 
in Species Plantarum 2 (1762). The Iberian form was discovered by Alstroemer 
in around 1750 near Cuervo, between Cadiz and Gibraltar (i.e. SW Spain; 
Coats, 1963) and approximately 100 years later was described as a separate 
species, R. baeticum Boissier & Reuter in 1856 (Boissier, 1856). In the 
intervening period, Curtis (1803) observed two apparent differences between 
the Turkish and Iberian material: the latter, he observed, Ilwants the (orange) 
spots on the broader lobe of the flowerll , and has acute rather than obtuse 
laciniae. These and similar observations (most notably that Iberian plants 
always have a velutinous rhachis) seemed to strengthen the case for specific 
distinction at the time; however, comparisons were based on few specimens 
and simply on descriptions, and thus little information was available on the 
variation contained within an area. 
In 1909 R. baeticum was reduced to a subspecies of R. ponticum as it was 
considered that its distinctive characters were insufficient to merit it being 
treated as a separate species. Thus, it has been considered as a subspecies in 
floras of Europe (Popova, 1972), the Iberian Peninsula (Gomez, 1993) and 
Portugal (Franco, 1984). Recently however, studies of the morphological 
variation present, particularly in Turkish material, have revealed that the 
characters which supposedly distinguish the Iberian plants do occur 
sporadically in Turkish populations (Bean, 1976; Chamberlain, 1982). The 
current treatment will therefore follow Chamberlain (1982) and Davidian 
(1992) who considered Iberian material to be unworthy of any taxonomic rank, 
and treated Iberian and Turkish material as geographical races of a single 
taxon, R. ponticum. 
The presence of subtle morphological differences, even if these were 
consistent between the Turkish and Iberian types, would not allow the 
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designation of naturalised British plants to one or other source area, because 
some characters are likely to have been acquired by such plants through 
introgression from other cultivated species, thus masking such subtle 
distinctions. 
4.1.2 Historical and other evidence concerning R. ponticum in the British Isles 
Of the three important recent floras covering the Britsh Isles, two 
(Clapham et ill..:. 1987; Popova in Flora Europaea,1964) did not venture an 
opinion on which source material might have given rise to the naturalised 
populations of R. ponticum in the British Isles. By contrast, Stace (1991) 
asserted that "most or all of our plants are ssp ponticum from SE Europe and 
SW Asia". Cross (1975) also believed the British material to be of Turkish 
origin 
In contrast, historical records of the introduction of R. ponticum to 
Britain point to SW Spain as the source of the original introduction. This was 
asserted by Coats (1963) and mentioned by Curtis (1803), who added that it has 
"now become so extremely common". Loudon (1838) seemed unaware of the 
introduction source, but stated: "introduced, we are informed, by Conrad 
Loddiges, who sold the first plant to the Marquess of Rockingham, a noble 
encourager of botany and gardening"; he also gave the date of this first 
introduction as 1763. Knowledge of the original source of introduction would 
only answer the question of the origin of currently naturalised plants if it were 
certain that there had been no further successful introductions. The possibility 
would exist that naturalised populations could be partly or wholly descended 
from subsequent introductions. Curtis (1803) mentioned that R. ponticum 
"has since been raised from seeds imported from Asia" and Bean (1976), was 
confident that multiple introductions have occurred, although the comment 
by Curtis may have been his source. No date is given for any introduction of 
R. ponticum from Turkey. Loudon (1838) mentions a variety of R. ponticum 
in cultivation which originates from Armenia, indicating that introductions 
occurred from the Black Sea area outside Turkey. The plants were originally 
very expensive to buy (Michalak 1976) and this may have encouraged 
subsequent introductions with a view to cultivation. 
One other line of evidence also supports an Iberian ongm for the 
naturalised populations. Both Iberian and Turkish plants are grown at RB.G. 
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Edinburgh, and Iberian plants are found to be hardier CR.B.G.E staff, pers 
comm.). This suggests that if both were originally cultivated in Britain, then 
the Iberian type may have tended to dominate either in cultivation or during 
the process of naturalisation. However, it does not necessarily follow that this 
would be the case in other parts of Britain, especially the South, where the 
climatic conditions are different. 
In summary, the available evidence indicates that the naturalised 
material is more likely to be of at least predominantly Iberian origin, although 
this is yet to be confirmed. In particular, there is no evidence to discount the 
possibility that British populations are comprised of a mix of material 
originally introduced from both Turkey and the Iberian Peninsula. 
4.1.3 Development of a technique to distinguish between native populations of 
R. ponticum 
In the study reported in this chapter, a molecular approach was adopted 
to determine accurately the origin of naturalised R. ponticum material in the 
British Isles. The first task was to identify a molecular marker or markers 
which could reliably and consistently distinguish between Turkish and Iberian 
material. If this objective could be achieved, then further molecular analysis 
would be aimed at resolving additional markers that might distinguish 
populations within one or both of these areas. In this way, it might be possible 
to pinpoint the exact location or locations from which the ancestors of the 
plants currently naturalised in the British Isles were introduced. 
A suitable marker for such a survey would be one with which a large 
number of accessions could be screened once a polymorphism had been 
identified, and thus DNA sequencing would have been too time-consuming. 
The marker system would also need to be one with a suitable mutation rate, 
which would allow for infraspecific variation, but not to the extent that the 
interpopulation differences which would be necessary to determine the 
naturalised descendants' area of origin were obscured by intrapopulation 
variation. Thirdly, the system would need to be one which distinguishes 
populations by presence and absence of mutations, rather than by their relative 
abundance, as the proportion of phenotypes in a naturalised population is 
likely to have been altered by a bottleneck during its introduction. Finally, it 
would be necessary to eliminate from consideration the effects of introgression 
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from other cultivated species into naturalised R. ponticum. A nuclear marker, 
which is subject to recombination, would be prone to show a combination of 
characteristics from the R. ponticum source population combined with any 
acquired through introgression, and the latter would inhibit interpretation of 
the former. This problem can be avoided by employing a marker which is not 
subject to recombination, and by distinguishing any genotypes which are not 
R. ponticum. The marker system selected for the survey, which best appears to 
satisfy these criteria, was cpDNA RFLPs. The properties of this marker system, 
and examples of its previous employment in similar studies, are discussed in 
chapter 1. 
The properties of a marker inherited without recombination merit 
further consideration when dealing with an introduced population. Such a 
marker passes intact to each individual from one of its parents, and thus one 
of its grandparents, and so ultimately from just one of its ancestors in any 
given previous generation. If the marker is selectively neutral, then it can be 
said to have come from one ancestor selected at random, again from any given 
generation. Therefore, if individuals bearing more than one different 
haplotype are involved in any extant plant's ancestry, then only one of the 
haplotypes will be present in the plant in question, but the probability of each 
haplotype being present is equal to its proportion among the plant's ancestors 
(fig. 4.1). For a naturalised individual this is important if it has in its ancestry 
individuals from more than one native locality, and the localities can be 
distinguished by the haplotypes which occur there. Although examining a 
single individual would only show a marker from one locality, an estimate of 
the proportion of genetic material from each introduction source present in 
naturalised populations could be obtained by sampling a large number of 
individuals. 
To survey accurately the British Isles' naturalised Rhododendron 
populations, it is also necessary to distinguish and identify the cpDNA types of 
species other than R. ponticum which might have contributed to the 
naturalised plants through introgression. 
4.1.4 Structure of British naturalised populations of R. ponticum 
Rhododendron ponticum differs from many of the herbaceous species 
which have been introduced to the UK (eg Impatiens glandulifera, Senecio 
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Fig 4.1: Illustration of how ancestral haplotypes behave through several 
generations. 
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The letters A, B, C and D represent arbitrary ancestral haplotypes. The 
fractions in parentheses indicate the probability of each haplotype being 
present in each daugther individual at each generation. The probability of 
each haploype being present in the 3rd generation individual is shown to 
be equal to that haplotypes proportion amongst the eight ancestors shown. 
squalidus) in that it is relatively slow to spread, due to a combination of the 
time it takes to reach flowering age (about 12 years, Cross, 1975) and the fairly 
poor dispersal ability of its seeds, which typically travel 15-50m from the parent 
bush (Brown, 1953b; see Chapter 1). Each naturalised population therefore 
appears to have originated from a local source rather than dispersal from 
elsewhere, in contrast to S. squalidus which appears to have spread across the 
country from a single introduction (Clapham et al. 1987), and 1. glandulifera 
which is currently spreading rapidly along the rivers of the Czech Republic 
(Pysek & Prach, 1995). Michalak's (1976) account of R. ponticum's history in 
the British Isles describes its gradual spread from the many estates and other 
places where it was copiously planted. A map of R. ponticum's occurrence in 
the Sheffield area (Rotherham, 1986a) shows the discontinuous nature of its 
naturalised distribution. When the current naturalised populations are 
explored, it is found that, even in the most extensively invaded areas, there is 
almost always an easily identifiable introduction source near the population's 
centre. Usually this takes the form of a garden or estate containing cultivated 
individuals, or occasionally it is an obviously planted group of individuals (as 
found by the road to Loch Katrine). Sometimes populations occur which 
appear to have arisen from abandoned gardens, as evidenced by the presence of 
other relics of cultivation (such as exotic conifers) which do not self-sow 
readily. In the main Killarney population, the apparent source is plantings in 
the grounds of Muckross Abbey, while in Connemara plants can be seen 
spreading up the hill above Kylemore Abbey where the species was apparently 
planted well over a century ago. In the larger populations in Western Scotland 
(e.g. Lochranza, Arran) and Wales (e.g. Blaenau Ffestiniog, Snowdonia) it can 
be observed that the density of plants, and their age, is reduced at the fringes of 
the population. This indicates that the populations are likely to be in the 
process of spreading outwards, with the oldest plants close to the centre of 
population, which is presumably the point where the naturalisation process 
began. 
The distribution of genotypes amongst populations of a naturalised 
species, such as R. ponticum, will be affected by the manner in which the 
naturalised distribution has arisen. The pattern of distribution by human 
means must be considered when comparing genotypes in populations of R. 
ponticum in the British Isles. If a species was being considered which was 
introduced to one or a few sites (such as S. squalidus or I. glandulifera) and had 
then spread rapidly, then it would be reasonable to expect any cpDNA (or 
other) markers to show a distribution pattern similar to that produced by a 
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natural colonisation event. Molecular markers can in fact prove that 
introductions were made to multiple localities if they can distinguish between 
the different genotypes introduced at each site (Novak et al., 1993). If the 
introduced distribution stems from a single introduction, then 
polymorphisms present in the original introduced stock would persist in some 
areas (particularly near the introduction source and in large populations), 
while stochastic events would cause a loss of genotypes in some populations 
and areas. The pattern of genotypes would thus mimic that of a natural or 
semi-natural invasion of an area, and this would manifest itself most clearly 
in a correlation between genetic and geographical distance between 
populations, as observed for example in the agricultural weed Silene latifolia 
(Vellekoop et al. 1996). 
As discussed above, the current naturalised distribution of 
Rhododendron ponticum appears to be the result of numerous localised 
introductions rather than that of a spread over long distances from one or a 
few introduction sites. There is no reason to suppose that there is any genetic 
similarity between groups of individuals planted close to each other, as 
different plantings may have originated from stock acquired from different 
suppliers and/ or at times separated by several decades. If these assumptions 
regarding R. ponticum are correct, then there would be no correlation between 
the genotypic composition of adjacent populations, and no regional trends in 
the occurrence of haplotypes, unless certain haplotypes were linked to traits 
which were differentially selected in different areas. 
For this reason is was considered desirable to sample both from as many 
different populations and regions as possible over the British Isles, and also to 
make multiple samples within some populations in order to examine whether 
variation exists within the progeny of single introduction sources. 
4.1.5. Biparental chloroplast transmission 
Although chloroplast transmission is most commonly maternal in 
angiosperms, biparental plastid transmission can occur in Rhododendron 
(Harris & Ingram 1991, Tilney-Basset 1978). However Kron et al. (1993) inferred 
that maternal plastid transmission was the normal situation in a study of 
hybridisation between Rhododendron canescens and R. flammeum. This was 
inferred because both species are protandrous and R. canescens, which flowers 
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earlier with only a slight overlap in flowering periods, would be expected to be 
the maternal parent in the great majority of crosses. In practice, they found 
eight of nine identifiable hybrids to have the R. canescens cpDNA type which 
accordingly indicated that the chloroplasts are predominantly or wholly 
supplied by the maternal parent. 
In the current study it is thus assumed that transmission is maternal; 
however, it will be considered in the discussion whether the occurrence of 
biparental transmission could have altered any of the results or their 
interpretation. Furthermore, the results will be examined to determine 
whether they provide any incidental evidence for or against biparental 
transmission occurring in R. ponticum. 
4.1.6. Aims and objectives. 
The aims and objectives of the work reported in this chapter were: 
1) To determine whether the naturalised populations of Rhododendron 
ponticum in the British isles originate from Turkey, the Iberian Peninsula, or 
both. 
2) To identify which part(s) of the distribution of R. ponticum's within Turkey 
and/ or the Iberian Peninsula gave rise to the naturalised populations in the 
British Isles. 
3) To identify any cpDNA haplotypes of species other than R. ponticum 
present in the naturalised populations. 
4) To analyse the distribution of haplotypes amongst the populations in the 
British Isles, giving particular consideration to whether this reflects selective 
differences between haplotypes or the history of R. ponticum in cultivation. 
4.2 Materials and methods: 
4.2.1 Basic Methods. 
The results described in this chapter were obtained from a survey of 
chloroplast DNA RFLP variation using the restriction enzymes, probes of 
Lactuca sativa and techniques described in chapter 2. 
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All of the Turkish accessions examined during this survey were 
personally collected during a trip to Turkey in 1994; the localities from which 
collections were made are described in Chapter 6. The localities from which 
Iberian material was obtained are listed in chapter 2. 
Chloroplast DNA fragments were sized using the adapted spreadsheet 
described in Chapter 2 
4.2.2 Markers distinguishing Turkish from Iberian material of R. ponticum. 
As the extent of cpDNA RFLP variation within R. ponticum was 
unknown, a large number of enzyme/probe combinations were examined in 
an initial survey to maximise the possibility of detecting a difference between 
Turkish and Iberian material. This was done by digesting an extract of a single 
accession each of Turkish and Iberian material with 22 selected restriction 
enzymes, and running the two extracts digested by each enzyme side by side, 
on two gels thus producing two membranes. The membranes were then 
probed with a series of pLsC probes; in some cases several smaller probes were 
combined. Section 4.3.1 lists the enzymes and probes employed, along with the 
results generated. 
When apparent differences in banding pattern were seen, more 
accessions from the two areas were examined with the same enzyme/probe 
combination. The ultimate aim was to identify one or more polymorphisms 
which clearly distinguished the Turkish and Iberian populations, and for 
which all native accessions could then be examined to establish whether the 
states of the polymorphism were constant within the two areas. Following 
this, a preliminary set of 56 UK accessions were examined using a selected 
enzyme/probe combination, to determine whether Turkey or the Iberian 
Peninsula was likely to be the principal source of introduction. This 
information was then used to decide whether further infraspecific 
polymorphisms should be sought within Turkey and/ or the Iberian Peninsula 
to determine more exactly the source of the initial introductionCs) to the UK. 
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4.2.3 Markers distinguishing the three Iberian Populations. 
A similar procedure was employed to seek markers distinguishing 
material from the three disjunct areas of R. ponticum's occurrence in the 
Iberian Peninsula, i.e. SW Spain, N. Portugal and the Algarve of S. Portugal. It 
was probable that polymorphisms amongst these Iberian populations would be 
less numerous than between the Iberian and Turkish populations, and so in 
this case a larger number of restriction enzymes (25) was employed, in 
combination with five probes or combinations thereof, as listed in section 4.3.2. 
As before, further accessions were examined using those enzyme/probe 
combinations which detected apparent polymorphisms, with the aim of 
identifying enzyme/probe combinations whose RFLP profiles differed 
consistently between some or all of the three Iberian areas of R. ponticum's 
occurrence. 
4.2.4 Markers distinguishing other species from R. ponticum. 
In addition to detecting infraspecific variation within R. ponticum, it 
was also necessary to identify and distinguish the cpDNA types of species other 
than R. ponticum which might be present amongst the British Isles' 
naturalised Rhododendron populations. The species involved in the creation 
of the "Hardy Hybrids" (Bean, 1976), i.e .. R. catawbiense, R. maximum and R. 
arboreum, would appear to be the ones most likely to be involved in the 
ancestry of the naturalised populations. Therefore additional accessions of R. 
catawbiense, (five in total) and R. maximum (two in total) were examined. 
Also examined were three accessions of R. macrophyllum, whose cpDNA 
haplotypes are very similar to those of R. catawbiense (table 4.3.8, and see 
section 3.4.2). Single accessions of all the other species (and four infraspecific 
taxa) of subsection Pontica were examined plus four other species, including 
the aforementioned R. arboreum, from outside of the section (see table 3.2). 
Therefore, haplotypes encountered in the UK which did not match R. 
ponticum were identified by examining them with as many enzyme/probe 
combinations as possible (most commonly seven) and either matching them 
to the haplotypes of other species or including them in the cpDNA phylogeny 
generated from all haplotypes detected (Chapter 3). 
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4.2.5 Material collected from the British Isles 
A total of 260 accessions of naturalised R. ponticum were successfully 
examined. These were collected and considered as three categories: 
1) Single accessions collected from individual sites throughout Scotland, 
England and Wales. The localities for each accession are listed in appendix 1. 
Extracts from a total of 148 plants were successfully examined. 
2) Groups of between 5 and 15 accessions gathered from large populations in 
Scotland, for which morphological data was also recorded. Extracts from a total 
of 83 accessions were successfully examined, from eight populations; these 
populations are described in detail in chapter 5. 
3) Accessions collected from two areas of Ireland, specifically Killarney and 
Connemara, from which a total of 29 extracts were successfully examined. The 
exact localities are given in appendix 1. 
Samples from the first and third categories could be considered to have 
been selected randomly for collection. However, in the second category, plants 
were deliberately selected to sample a variety of (floral) morphological types 
within each population (Chapter 5). Much of the morphological variation 
present in naturalised populations is thought to be due to introgression (see 
5.1.1). For this reason, it is assumed that deliberate selection of accessions will 
increase the possibility of detecting non-R. ponticum haplotypes, but should 
not bias the proportions of haplotypes within R. ponticum detected. 
Therefore, in regard to analyses of the proportions of R. ponticum haplotypes 
in naturalised populations presented in this chapter, it will be assumed that 
the accessions gathered from Scottish populations were also randomly 
sampled. 
One Scottish population (Craigtoun, Fife) was returned to after a non-R. 
ponticum haplotype was detected within. The seven plants collected in this 
second visit cannot be considered to have been randomly sampled, as the 
specific aim of their collection was to obtain for examination more non-R. 
ponticum cpDNA types. 
In addition to the above categories, 11 accessions were gathered from a 
population found in Glen Ample, below Ben Vorlich, near Callander, 
Perthshire. These plants were apparently relics of cultivation but were 
reproducing by seed in the immediate vicinity; they were certainly not R. 
ponticum and appeared to resemble more closely R. arboreum (plates 3.1 and 
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3.2). A representative of this population, accession UK-V, was included in the 
phylogenetic analysis of the subsection to determine its phylogenetic position 
and from this provide an estimate of its taxonomic identity (Chapter 3). 
Each accession from the British Isles was examined with as many 
markers as were necessary to determine its cpDNA type. The commonest 
haplotype present in British material contained a unique apomorphy and 
could thus be identified using a single enzyme/probe combination. Accessions 
not found to possess this haplotype were examined with up to seven 
enzyme/probe combinations to establish which haplotype they possessed. 
4.3 Results 
4.3.1 Markers distinguishing Turkish from Iberian material 
4.3.1.1 Survey of enzyme/probe combinations 
Five pLsC probes or combinations thereof were used in conjunction 
with 22 restriction enzymes, and thus a total of 110 enzyme/probe 
combinations were tested. No differences between the restriction fragment 
profiles of the Turkish and Iberian extracts were found using the probes pLsC 7 
or pLsC 8-11, or with the restriction enzymes Kho1, BamH1, Mlu1, Kpn1, Sca1, 
Pstl and Xho1; whilst Cfo1 and Stu1 failed to digest the extracts. Table 4.3.1 
provides a summary of the results for the remaining probes and enzymes. 
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Table 4.3.1: Differences between single Turkish and Iberian extracts resolved 
by a range of enzyme/probe combinations 
Enzyme pLsCl 
CIal (-) 
Dral (-) 
Bell (+) 
Hind3 
EcoRV (-) 
Sstl (+) 
Xbal (-) 
Bg12 + 
EcoRl, (-) 
SaIl 0 
Smal 
Hpa2 
Nrul 
Key to Symbols used 
o Failed or poor result 
No difference 
Probes: 
pLsC2+3 
(+) 
(+) 
+ 
+ 
(-) 
(+) 
(+) 
+ 
(+) 
+ 
+ 
(-) 
(-) Minor difference in band intensity or presence most 
probably due to partial digestion effects. 
(+) Probable difference (not confirmed) 
+ Definite difference (confirmed by later repeats). 
pLsC4+5 
(-) 
(-) 
o 
(+) 
o 
Of the 110 enzyme/probe combinations employed, 22 failed to yield a 
fully digested fragment profile. Of the remaining 88 combinations, 74 
produced probably or certainly identical banding patterns between the two 
extracts. 
Fourteen enzyme/probe combinations appeared to show a difference in 
RFLP profile, i.e. a possible polymorphism, between the Turkish and Iberian 
extracts. Of these, ten enzymes showed an apparent polymorphism with 
pLsC2+3, three with pLsCl, and only one (Xbal) showed a possible 
polymorphism with pLsC 4+5. Two or three further extracts from each area 
were then examined with pLsC2-3 and the five enzymes which had shown the 
clearest profile differences in combination with this probe. One enzyme, Dral, 
8 1 
failed to digest the samples on this occasion, but the other four enzymes, Bell, 
Bgl2, Sma1 and Hpa2, produced clear banding patterns which again 
distinguished between the samples from the two areas. Extracts digested by 
these four enzymes were then probed separately with pLsC2 and pLsC3, and 
from this it was determined that in all four cases pLsC2 detected the 
polymorphisms, whilst pLsC3 detected none. One other combination, 
Bg12/pLsC1 was also investigated further and found consistently and 
repeatably to distinguish Turkish from Iberian material. The remaining 8 
enzyme/probe combinations which showed a possible polymorphism were 
not further investigated. 
4.3.1.2 Nature of the polymorphisms detected with pLsC2 
The polymorphism detected by Bcl1/pLsC2 consists of two fragments 
which vary in size between Turkish and Iberian material, and also across 
almost all of the other species examined (fig. 4.2). Both fragments appeared 
linked in their variation, as the larger one was always approximately 2 kb 
greater in size than the smaller (table 4.3.2; fig. 4.3). The single variable 
fragment detectable with Bg12/pLsC2 also displayed a very similar pattern of 
variation, and was on average 0.59 kb smaller than the smaller of the two 
variable Bcl1/pLsC2 fragments (table 4.3.2, fig. 4.2, fig. 4.3). 
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Fig 4.7. cpDNA profiles generated by BgJ7 /pLsC7 (top) and 
Bcll/pLsC2 (bottom) for taxa in Rhododendron subsection 
Pon tica, and five other taxa 
Vaiiable I 
fragments 
(BcIl) 
see table 
4.3.2 for 
Sizes 
• 
-.. -
• 
NB. fragment sizes are shown in table 4.3.2 
Variable 
fragment 
(B g12) 
see table 
4.3.2 for 
sizes 
Table 4.3.2. Variable fragment sizes detected by pLsC2 with Bci1 and Bg12, with 
and the differences from the mean size for each fragment. 
Species1,2 Estimated fragment size Difference from mean size 
for fragment 
Bci1 Bell Bg12 Bell Bell Bg12 
(smaller (larger (smaller (larger 
fragment) fragment) fragment) fragment) 
R. cat. (CB) 6.54 8.74 5.87 +0.65 +0.70 +0.57 
R. max. 5.78 8.16 5.05 -0.11 +0.12 -0.25 
R. mac. (MA) 6.27 8.50 5.18 +0.38 +0.46 -0.12 
R. p. (IE,IL) 5.23 7.65 4.53 -0.66 -0.48 -0.77 
R. p. (TA) 6.27 8.50 5.81 +0.38 +0.46 +0.51 
R. smr. 5.28 7.56 4.62 -0.61 -0.48 -0.68 
R. ung. 6.97 8.74 6.43 +1.08 +0.70 +1.13 
R. eaue. 5.96 8.27 5.58 +0.07 +0.23 +0.28 
R. aur. 5.47 7.85 5.05 -0.42 -0.19 -0.25 
R. hypo 5.42 7.65 4.62 -0.47 -0.39 -0.68 
R. brae. 5.90 8.16 5.52 -0.01 +0.12 +0.22 
R. d.han. 5.96 7.85 5.14 +0.07 -0.19 -0.16 
R. y.mak. 5.96 7.85 5.14 +0.07 -0.19 -0.16 
R. d.deg. 7.13 9.00 6.90 +1.24 +0.96 +1.60 
R. d.hept. 5.14 7.30 4.62 -0.75 -0.74 -0.68 
R. y.yak. 5.14 7.30 4.62 -0.75 -0.74 -0.68 
R. arb. 5.14 7.30 4.47 -0.75 -0.74 -0.83 
R. adn. 5.28 7.30 4.47 -0.61 -0.74 -0.83 
R. argo 5.28 7.30 4.47 -0.61 -0.74 -0.83 
UK-V (V) 6.47 8.27 6.21 -0.58 +0.23 +0.91 
Mean size 5.89 8.04 5.30 (0) (0) (0) 
1: Where more than one haplotype occurs within a taxon, or the specific identity is unknown, the 
haplotype surveyed is given in paretheses. The haplotypes are defined in Chapter 3 and 
summarised in table 4.3.8a. 
2: Abbreviations for species names are as given in chapter 3. 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
Table 4.3.2 shows the sizes estimated for the 3 variable fragments, and 
these fragment sizes are shown in fig. 4.3. Table 4.3.2 also shows the difference 
between the size of each fragment and the mean size for that fragment across 
all species. The correlation between the size differences of the three variable 
fragments across taxa is illustrated in fig. 4.4 
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Table 4.3.3. Average deviation (in kb.) from mean band size across the 3 
variable bands detected with pLsC2 and Bell or Bg12. 
Species1,2 Average band 
devia tion from mean Character label 
R. cat. (CB) +0.64 LB3 
R. max. -O.OS LB9 
R. mac. (MA) +0.24 LB6 
R. p. (lE,IL) -0.64 LB14 
R. p. (TA) +0.45 LB5 
R. smr. -0.59 LB13 
R. ung. +0.97 LB2 
R. cauc. +0.19 LB7 
R. aur. -0.29 LB11 
R. hypo -0.51 LB12 
R. brae. +0.12 LBS 
R. d.han. -0.09 LBI0 
R. y.mak. -0.09 LBI0 
R. d.deg. +1.27 LBI 
R. d.hept. -0.72 LB15 
R. y.yak. -0.72 LB15 
R. arb. -0.77 LB17 
R. argo -0.73 LB16 
Unknown (V) +0.57 LB4 
1: Where more than one haplotype occurs within a taxon, or the specific identity is unknown, the 
haplotype surveyed is given in paretheses. 
2: Abbreviations for species names are as given in chapter 3. 
Table 4.3.3 shows the average deviation of the three polymorphic bands 
from their respective mean size. The deviations are also ranked in order of 
size to provide a simple means of labelling the seventeen character states 
present in the taxa surveyed (table 4.3.3). 
A correlation coefficient of 0.964 was calculated between the sizes of the 
larger and smaller Bell/pLsC2 fragments across all taxa in table 4.3.2. The 
correlation coefficient between the size of the larger variable Bell fragment and 
the variable Bgl2 fragment was 0.911, and that between the smaller variable 
Bell fragment and the variable Bgl2 fragment was 0.95S. For 17 variables a 
minimum value of 0.606 would be required for significance at the 0.01 % level. 
Therefore, there is a very strong correlation between the size of the variable 
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Bg12 fragment and that of both the variable Bell fragments across taxa, which 
indicates that the observed variation is the result of fragment length 
differences between taxa. For this reason it is assumed that the two 
combinations Bcl1/pLsC2 and Bg12/pLsC2 detect a single area of high length 
variation. 
Microsatellite regions of hypervariable length have been found in the 
chloroplast genome (Powell et ~ 1995a & b), but the length variation reported 
between species does not exceed 0.01 kb, whilst the region in Rhododendron 
subsection Pontica is for example almost 2 kb longer in R. degronianum than 
in its ssp. heptamerum. The inverted repeat region is known to vary greatly in 
length, but this is principally due to extension or shrinkage of the repeated 
region into the LSC region (Palmer et al., 1985). A "hotspot" of length 
variation is known to exist at the end of the LSC (Palmer et al., 1985). 
Length polymorphisms commonly result in linked variation in 
fragment sizes between profiles generated by different restriction enzymes; 
however strong agreement between the size variation of two bands detectable 
within a single enzyme, Bell is very unusual. There are three possible 
explanations for this. The first is that the smaller fragment is the result of 
incomplete digestion of the larger, with the other product, a fragment of c.2 kb, 
being lost. The two variable bands were always roughly equal in intensity for 
every extract examined (see figs., 4.2, 4.6 & 4.7), despite differences in factors 
such as the DNA concentration of the extract, the exact composition of the 
solution in which it was digested, and the time it was given to digest (Chapter 
2). If partial digestion were the cause of the two bands occurring, it would be 
expected that their relative intensity would vary either between extracts or 
between digestion experiments, and it does not. 
The pLsC2 probe falls entirely within the region of the cpDNA inverted 
repeat, and this provides a possible explanation for the observed results. The 
variable fragments may fall partly, but not wholly, within the IR region. If the 
region of variable length were part of the IR region, and the fragments were 
bounded by one Bell site inside and one outside the IR, then the fragments 
would be identical over much of their length, but at one end the sites which 
terminate them are not in the IR, and therefore could be in different positions, 
thus giving the fragments different lengths (fig. 4.5). 
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Fig. 4.5. Possible explanations for the existence of two fragments in the 
Bcll/pLsC2 RFLP profiles. whose lengths are closely linked across species. 
Symbol used: 
SSC Region 
1 .... -Bell restriction site 
Area of very 
high length 
variability 
~-------1 I Region probed by pLsC2 
LSC region (part of) 
Hypothesis: the two fragments are created because one end of each 
fragment falls outside of the inverted repeat, and therefore the restriction 
sites are in different positions. 
Fragments produced 
in taxon in which the 
area of hypervariable 
length is short: 
Fragments produced 
in taxon in which the 
area of hypervariable 
length is long: 
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The results with the accessions initially surveyed are therefore 
consistent with a hypothesis that a length difference, which presumably is an 
artefact of this region of hypervariability, is responsible for the differences 
between Turkish and Iberian material of R. ponticum. However, other 
haplotypes of R. ponticum, which were detected later in the survey, complicate 
the picture, and the nature of the infraspecific variation within R. ponticum is 
therefore discussed further in section 4.4.1. 
The difference between the RFLP profiles of Turkish and Iberian 
material of R. ponticum detected by the Sma1/pLsC2 combination is a 
fragment of 9.64 kb in the former and 8.20 kb in the latter. The inaccuracy of 
fragment sizing tends to increase with fragment size (see Chapter 2), and it is 
possible that this difference is also an expression of the putative length 
difference discussed above. The similarity between the positions of the 
variable bands in Turkish and Iberian material made this a poor marker for 
distinguishing between the two. The Sma1/pLsC2 combination is, however, 
more useful in identifying haplotypes within R. macrophyllum and R. 
catawbiense all of which show extra, strong bands of either 3.53 (haplotypes CA 
and MA) or 4.15 kb (haplotypes CB and MB). The difference between their 
sizes, 0.62 kb, is similar to that observed between fragments detected with 
Bcl1/pLsC2, and Bg12/pLsC2, for haplotypes MA and CB (on average, 0.72 kb, 
from table 4.3.3). Given their phylogenetic proximity (Chapter 3) it is likely 
that a shared mutation of uncertain nature in all haplotypes of R. 
macrophyllum and R. catawbiense causes the occurrence of both of these 
fragments, and that the region of hypervariable length causes the difference 
between their respective sizes. 
4.3.1.3 The Bg12/pLsC1 Polymorphism 
The Bg12/pLsC1 combination detects two apparently unconnected 
polymorphisms (table 4.3.7). One is the replacement of a 1.55 kb fragment, 
present in Turkish R. ponticum and all other species of subsection Pontica 
(Chapter 3), with a 1.45 kb fragment in Iberian R. ponticum. No comparable 
differences were observed between Turkish and Iberian extracts examined with 
pLsC1 and any of 21 other restriction enzymes, and thus the polymorphism 
was assumed to be an apomorphic site gain in Iberian materiat in which a 
second presumed fragment of 0.10 kb is undetected due to its size (table 4.3.7). 
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The analysis of the second polymorphism was less straightforward. 
Iberian R. ponticum, R. catawbiense and R. hyperythrum all possess a 4.5 kb 
fragment whilst all other taxa of subsection Pontica have a fragment of 9.8 kb 
(the result was not determined for R. aureum). The cpDNA phylogeny for 
subsection Pontica (Chapter 3) shows that the 4.5 kb fragment is likely to have 
been gained independently, and thus homoplasiously, in all three species in 
which it was detected. The polymorphism is most probably a site gain, causing 
the replacement of the 9.8. kb fragment by the 4.5 kb one and a 5.3 kb one 
which either is not visualised (it may be wholly outside the pLsCl area) or 
could be masked by an unconnected 5.3 kb band which is visible for all species 
of subsection Pontica except R. ungernii. Twenty-two accessions of Turkish R. 
ponticum were examined with this combination, and all lacked the 4.5 kb 
fragmen t. Therefore the two pol ymorphisms genera ted by B g Z2 / P L sCI 
enzyme/probe combination were considered to provide a second valuable 
means of distinguishing the cpDNA types of Turkish and Iberian material. 
4.3.1.4 Preliminary examination of UK material, with the Bell / p LsC2 
combination 
A preliminary sample of 56 UK accessions were examined with 
Bcll/pLsC2, and all yielded RFLP profiles matching native Iberian material (fig. 
4.6). Therefore further markers were sought which could distinguish between 
material from the Iberian areas in which R. ponticum occurred, and which 
could be used to determine from which of these areas the naturalised 
populations of the British Isles originated. 
4.3.2 Polymorphisms which distinguish the Iberian populations 
4.3.2.1 The survey of enzyme/probe combinations 
Samples digested with all 25 restriction enzymes were probed with pLsC 
1,2+3,4+5, and 8-11, while half the samples were also probed with pLsC 12-15. 
Sixteen enzyme/probe combinations failed to digest the DNA extracts or give 
clear results; therefore, 97 combinations were successfully examined. No 
polymorphisms were detected with pLsC 12-15 or with the enzymes Clal, SaIl, 
Kpnl, Bell, AZul, Hind3, Sstl, Stul, Pstl, EcoRV, Hinfl, or Rsal. Table 4.3.4 
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Fig 4.6. RFLP profiles generated by Bcll/pLsC2+3 for Iberian, British and 
Turkish 111aterial of Rhododendron ponticunl 
Iberian 
Peninsula 
HZ2 HV3 H3 
7.65 kb-
British Isles (individual) accessions Turkey 
26 28 32 38 44 46 48 54 56 58 59 64 65 I TE-KY2 
- 8.50 kb 
- 6.27 kb . 
f-' 
summarises the results of the comparison of samples from each of the three 
Iberian populations. 
Table 4.3.4 Probe enzyme combinations used to test for differences between 
Iberian populations of R. ponticum. 
Enzyme. Probe(s) employed 
pLsC:l pLsC:2+3 pLsC:4+5 pLsC:8-11 
Cfol (+) (es) 
BamHl p (es) 
BgZ2 p (sp) p (sp) p (es) p (sp) 
EeoRl (+) (es) 
SaIl 0 0 0 
Kpnl 
BcZl 
AZul 
Hind3 
Sstl 
Stul 0 
Xbal p (es) 
Dral p (np) 0 p (sp) 
Smal 0 p (np) 
Seal 0 p (es) -
Pvul 0 p (es) 
Hpa2 0 p (np) ++ (ES) 
Pstl 0 0 
Xhol 0 p (es) (+) (es) p (es) 
EeoRV 
Apal 0 p (np) 0 0 
BstE p (es) 
Hae3 ++ (ES) 
Hintl 
CIal p (es) 
Rsal 
Ke,X: to s,X:mbols: 0 Failed or poor result 
No difference 
p Minor difference in band intensity or presence most 
probably due to partial digestion. 
(+) Probable difference (not confirmed) 
++ Definite difference (confirmed by later repeats). 
Where a possible or definite difference was detected, the accession which differed from the 
other two is shown by the letters in parentheses following the symboL The letters represent the 
relevant accession's area of origin as as follows: 
es: Spain np: North Portugal sp: South Portugal 
-------------------------------------------------------------------------
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Twenty-two possible polymorphisms were detected, but of these 17 were 
probably or definitely the result of differing partial digestion effects between 
the extracts. The remaining five putative polymorphisms separated the 
Spanish sample from those from North and South Portugal. These were 
resolved by the combinations EeaR1, cta1 and Xhal with pLsC 4+5; and Hpa2 
and Hae3 with pLsC 8-11. The latter two combinations seemed to produce the 
clearest differences, and so a further 6 Spanish and 15 Portuguese extracts were 
examined using them again. In both cases Spanish and Portuguese material 
were shown to have constant fragment profiles, differing from one another in 
the size of a single fragment. The differences found with pLsC 4+5 were not 
investigated further as the identification of additional polymorphisms 
distinguishing Spanish and Portuguese material was not considered necessary. 
No reliable markers were found which distinguish material from North and 
South Portugal. 
4.3.2.2 Nature of the pLsC8-11 polymorphisms 
The Hpa2/pLsC8-11 combination produced a fragment with a size of 2.09 
kb in Spanish material of R. pontieum, which was replaced by a 2.13 kb 
fragment in Portuguese, and also Turkish, material (see fig. 3.1). The cpDNA 
phylogeny of subsection Pontiea (Chapter 3) confirms this to be an apomorphic 
character unique to the Spanish haplotype. 
The variable fragment detected with the other combination, 
Hae3/pLsC8-11, was 1.42 kb in Spanish and 1.38 kb in Portuguese material. 
Once again, the Portuguese extracts' profile matched that or Turkish material 
and the majority of other species surveyed. The close agreement between the 
differences in fragment sizes detected with the two enzymes and the similar 
pattern of occurrence amongst taxa, strongly indicates that a single length 
mutation accounts for the differences detected by both enzyme/probe 
combinations. Therefore the two combinations are assumed to detect a single 
polymorphism, designated Len-8, which is a deletion of approximately 40 bp in 
Spanish material. Material in which the deletion was present was designated 
haplotype IE, whereas all other Iberian material, amongst which no further 
polymorphisms were detected, was designated haplotype IL. 
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The surveys of infraspecific cpDNA variation between Turkish and 
Iberian material, and also within Iberian materiat of R. ponticum were 
terminated once the polymorphisms described above had been identified and 
confirmed. Although many other possible polymorphisms were not further 
investigated, the results of the surveys offer some insight into the levels of 
cpDNA differentiation between Turkish, Portuguese and Spanish populations. 
Thus, from table 4.3.1, at least 6 and possibly as many as 18 (if the unconfirmed 
differences are included) of the 88 enzyme/probe combinations successfully 
examined (i.e. 5.7 - 14.8%) detected differences between Turkish and Iberian 
materiat whereas at least 2 and possibly up to 5 of 97 combinations successfully 
examined (i.e. 1.8 - 4.6%) detected differences between Spanish and Portuguese 
accessions (table 4.3.4). In both cases, however, at least some of the 
enzyme/probe combinations detect a smaller number of length 
polymorphisms. It should be emphasised that the survey of infraspecific 
variation was specifically designed to detect polymorphisms which distinguish 
between material from Spain, Portugal and Turkey. These results should 
therefore not be taken as evidence that material from different areas of Turkey 
are not also differentiated by cpDNA polymorphisms. As discussed in Chapter 
1, the level of cpDNA diversity detected is as much a function of the extent of 
sampling as of the variation sampled, and no attempt was made to detect 
differences between material of R. ponticum from different areas of Turkey. 
4.3.3. Infraspecific variation detected amongst a wider sample of native 
material 
All available accessions of R. ponticum from the Iberian Peninsula were 
examined with Hpa2/pLsC8-11. The eighteen accessions from Spain all 
possessed haplotype IE, whilst all 10 from N. Portugal and 32 of the 33 from S. 
Portugal possessed haplotype IL; however a single sample from S. Portugal had 
haplotype IE. This combination detected no polymorphisms amongst extracts 
from 58 accessions from Turkey, which comprised 9 from NW Turkey (the 
European portion west of Istanbul), 5 from near Bolu and 44 from NE Turkey 
(see chapter 6 for locations). 
Thirty-one Turkish accessions were examined with Bcll/pLsC2, and of 
these, one accession had fragment sizes similar to those of Iberian material 
(designated haplotype TE) while another (designated haplotype TB) had 
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Fig 4.7. Infraspecific cpDNA variation in Rhododendron Donacufll: 
Bc11/pLsC2 RFLP profiles generated by Turkish and Iberian 
accessions. 
8.50kb--
6.27kb--
Accession, (cpDNA haplotype) 
I 
Turkey I Portugal 
I 
TOA TO- TOS TOS TB Av- TB TEW TEW TE TE I HC 
-Pi YP -P3 -P4 -5 17 -4 C1 C3 B1 B3 I 1 
I (TA) (TA) (TA) (TA) (TA) (TA) (T8) (TO) (TA) (TAl (TE) (IE) 
I 
flltr7.65kb 
.. --5.23kb 
NB. Fragment sizes for accession TB4 (haplotype 
TB) are 7.34 and 9.94 kb_ 
unique sizes for both fragments of 9.94 and 7.34 kb (table 4.3.8b, fig. 4.7). Both 
these haplotypes, however, had the usual fragment size for Turkish material 
when examined with Bg12/pLsC2. This combination also revealed a third rare 
haplotype (designated haplotype TD) with a unique size for the variable 
fragment of 6.75 kb (table 4.3.8b). No further polymorphisms were detected 
amongst the remaining 37 accessions examined from Turkey, and these are 
therefore designated as haplotype TA. The term T(all) will hereafter be used to 
refer to all Turkish haplotypes in cases where their characteristics are identical. 
The three rare haplotypes matched haplotype TA for all other enzyme/probe 
combinations with which they were examined (table 4.3.8a). Their significance 
in regard to the nature of the pLsC2 polymorphism distinguishing Turkish 
from Iberian material is discussed in section 4.4.1. 
The Bg12/pLsC1 combination detected no variation amongst 12 Iberian 
samples or amongst 22 Turkish samples which included the three rare Turkish 
haplotypes mentioned above. 
Table 4.3.5 summarises the results obtained with these different 
enzyme/probe combinations, and shows how the native material of R. 
ponticum may be distinguished according to haplotypes. The haplotypes are 
defined in greater detail in tables 4.3.7. and 4.3.8a & b. 
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Table 4.3.5 Haplotypes of Rhododendron ponticum, and the number of 
accessions of each, from three countries, examined with each of seven 
enzyme /probe combinations. 1 
Portu~al 
IL 
IE 
Spain 
IE 
Turkey: 
TA 
TB 
TD 
TE 
(?)2 
Hpa2 
pLsC 
8-11 
42 
18 
1 
15 
1 
1 
1 
30 
Bell 
pLsC 
2 
39 
18 
1 
15 
1* 
1 
1* 
13 
Enzyme & Probe: 
Bg12 
pLsC 
2 
9 
4 
15 
1 
1* 
1 
5 
Smal 
pLsC 
2 
7 
1 
1 
9 
1 
0 
Bg12 
pLsC 
1 
8 
4 
14 
1 
1 
1 
5 
EcoRl Dral 
pLsC pLsC 
8-11 8-11 
7 4 
2 1 
2 4 
1 1 
1 1 
2 37 
1 The full list of native accessions of R. ponticum, and the enzyme/probe combinations with 
which each was examined, is in appendix 2. 
2 indicates accessions which were not examined with both Bcll and Bg12 and therefore could not 
be certainly assigned to a specific haplotype. 
* indicates the combination which distinguishes haplotypes TB, TD and TE from haplotype TA 
4.3.4 Additional enzyme/probe combinations which distin~uish the cpDNA of 
other species from R. ponticum. 
A large number of cpDNA polymorphisms were found which 
distinguished other species of subsection Pontica from R. ponticum (Chapter 
3). Two enzyme/probe combinations (other than those discussed above) were 
selected for inclusion in the survey of naturalised accessions because they were 
especially useful in distinguishing R. ponticum from the haplotypes of other 
species likely to occur in the naturalised populations. 
EcoRl/pLsC8-11 was useful for distinguishing the three American 
species from each other and from the rest of subsection Pontica. A band of 2.59 
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kb is constant throughout the RFLP profiles of all species surveyed except the 
three from N. America, which have a band of 1.93 kb. In addition, further 
polymorphisms occur amongst the American species so that all three have 
unique RFLP profiles with this enzyme/probe combination, as shown in table 
4.3.Sa. 
The combination of Dral/pLsCS-ll was valuable, as for R. ponticum and 
R. arboreum it generated bands that are unique amongst the species examined. 
R. ponticum could be identified by the presence of a 3.02 kb fragment while R. 
arboreum uniquely possessed a 2.77 kb fragment. 
Therefore, overall, there were seven enzyme/probe combinations 
selected to survey the naturalised Rhododendrons of the British Isles. All 
accessions were first surveyed with Hpa2/pLsCS-ll, to identify the Spanish 
haplotype IE. Samples not found to have this haplotype were then surveyed 
with as many as possible of the other six enzyme/probe combinations. Of the 
other six combinations, three (Bcll/pLsC2, Bg12/ pLsC2 and Bg12/ pLsCl) were 
useful primarily to distinguish between Turkish and Iberian haplotypes of R. 
ponticum and three (Smal/pLsC2, Dral/pLsCS-l1. and EcoRl/pLsCS-ll) were 
employed to distinguish other species' haplotypes from each other and R. 
ponticum. All of these enzyme/probe combinations would also provide 
information which could be used to estimate the phylogenetic position of any 
haplotypes detected which were not identical to the haplotypes of any of the 
taxa surveyed (Chapter 3). 
Using the seven enzyme/probe combinations mentioned above, two 
haplotypes were identified of each of the three American species. These are 
defined as shown in tables 4.3.6-4.3.Sa and are discussed in more detail in 
Chapter 3. The molecular characteristics of the haplotypes detected in R. 
ponticum, the haplotype of R. arboreum, and one unique haplotype found 
amongst material from the British Isles are also shown in tables 4.3.6-4.3.Sa. 
Table 4.3.6 shows the haplotypes detected within each species, the 
number of accessions found of each haplotype, and their area of occurrence. 
Table 4.3.7 shows the nature of the polymorphisms distinguishing these 
species with these combinations (taken from table 3.3.5). Table 4.3.Sa shows the 
distribution of the characters detected with the Hpa2/pLsCS-ll, Dral/pLsCS-ll, 
EcoRl/pLsCS-ll, Smal/pLsC2 and Bgll/pLsCl combinations (taken from table 
3.3.6), and the putative length polymorphism detected with Bg12/pLsC2 and 
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Bcil/pLsC2 (from table 4.3.3), amongst the haplotypes listed in table 4.3.6. As 
the rare haplotypes of R. ponticum are distinguished by apparent site 
mutations detected by Bg12/pLsC2 or Bcil/pLsC2, the variable fragment sizes of 
all R. ponticum haplotypes detected by these two enzyme/probe combinations 
are shown in table 4.3.8b. 
Table 4.3.6: Ha,t2lot~,t2es found in native R. ]2onticum ,t2o,t2ulations and other 
s,t2ecies which might occur in the British Isles 
Species Area Haplotype No. of accessions 
R.ponticum Turkey, all areas TA 15 
R.ponticum Turkey, Bolu TB 1 
R.ponticum Turkey, NW TD 1 
R.ponticum Turkey, NW TE 1 
R.ponticum Portugal, North IL 10 
R.ponticum Portugal, Algarve IL 32 
R.ponticum Portugal, Algarve IE 1 
R.ponticum Spain IE 18 
R. catawbiense N. America (East) CA 1 
R. catawbiense N. America (East) CB 4 
R. macrophyllum N. America (West) MA 2 
R. macrophyllum N. America (West) MB 1 
R. maximum N. America (East) XX 1 
R. maxzmum N. America (East) XP 1 
R. arboreum India to China ARB 1 
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Table 4.3.7 Polymorphisms detected with five selected enzyme/probe 
combinations (from table 3.3.5). 
Enzyme Probe Polymorphism 
Bg12 pLsC1 G1-1 
Gl-2 
Sma1 pLsC2 52-1 
52-2 
Hpa2 pLsCS-ll HS-1A1 
HS-1B 
HS-2 
Dra1 pLsCS-ll DS-1 
DS-2 
EcoR1 pLsCS-ll ES-1 
ES-2 
ES-3A 
ES-3B 
ES-4 
ES-5 
ES-6 
Polymorphism state 
o 1 
1.55 1.45 
9.79 4.44+5.27? 
4.15 
3.53 
2.13 2.09 
2.13 2.26 
1.94 1.99 
2.5S 
3.02 
2.77 
1.93 
5.25 5.6S 
5.25 3.S0 
6.42 
11.54 9.29+2.93 
0.56 0.53 
1: This character detects the length polymorphism designated Len-8. 
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-------------------------------------------------------------------------
-------------------------------------------------------------------------
Table 4.3.8a: Character states of haplotypes detected (from table 3.3.6). 
Haplo- Enzyme, Probe, Character states. 
type 
Bg12 Smal Hpa2 DRAl EcoRl BclllBg12 
pLsC1 pLsC2 8-11 8-11 8-11 pLSC 2 
1 2 1 2 1 1 2 1.2 1 2 3 3 4 5 6 (Length1 ) 
A B A B 
TA 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 LB5 
TB 0 0 ? ? 0 0 0 1 0 ? ? ? ? ? ? ? varies2 
TD 0 0 ? ? 0 0 0 ? ? ? ? ? ? ? ? ? Varies2 
TE 0 0 0 0 0 0 0 1 0 ? ? ? ? ? ? ? varies 2 
IL 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 LB14 
IE 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 LB14 
CA 0 1 0 1 0 1 1 0 0 1 1 0 0 1 0 1 LB6 
CB 0 1 1 0 0 1 1 0 0 1 1 0 0 1 0 1 LB3 
MA B 0 0 1 0 1 1 0 0 1 1 0 0 1 0 1 LB6 
MB B 0 1 0 0 1 1 0 0 1 1 0 0 1 0 1 LB3 
xx 0 0 0 0 0 0 0 ? ? 1 1 1 0 0 0 0 LB9 
XP 0 0 1 0 0 0 0 ? ? 1 1 1 0 0 0 0 LB9 
ARB 0 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 LB17 
QB 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 Varies2 
1: See tables 4.3.2. and 4.3.3. for actual fragment sizes detected. 
2: See table 4.3.8b for fragment sizes detected for these haplotypes with these combinations. 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
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Table 4.3.8b: Variable fragment sizes in cpDNA of R. p011ticum, as detected 
with two enzymes and the probe pLsC2. 
Fragment 
Size: 
Bell 
IE 
5.23 + 
6.27 
7.34 
7.65 + 
8.50 
9.94 
Bgl2 
4.53 + 
5.81 
6.75 
IL 
+ 
+ 
+ 
cpDNA haplotype 
TA TB TD TE QBl 
+ 
+ + (+) 
+ 
+ 
+ + (+) 
+ 
+ 
+ + + 
+ 
1 It is not certain that the fragments detected in haplotype QB by Bcll/pLsC2, labelled (+), are 
identical in size to those of haplotypes TA and TD. 
4.3.5 Haplotypes present in the British Isles 
Both haplotypes IE and IL occur amongst the naturalised populations in 
the British Isles (table 4.3.9). Of 260 accessions examined, 229 showed the 
unique fragment size 2.09 (state 1) for the HI-IA (Len-8) polymorphism, and 
were thus identified as haplotype IE. Of the remaining 31 accessions, three 
exhibited a Hpa2/pLsC8-11 profile of a species other than R. ponticum. These 
31 accessions were examined with six other diagnostic enzyme/probe 
combinations listed above (table 4.3.8aL except in the case of three accessions, 
for which only a small amount of DNA was available. These particular 
extracts were successfully examined with just two further enzyme/probe 
combinations, Bcll/pLsC2 and EcoRl/pLsC8. 
Of these 31 samples, 26 possessed the Portuguese haplotype IL (including 
the three which were examined with only 3 enzyme/probe combinations); one 
extract had haplotype XX, which matches R. maximum; one accession had 
haplotype CA and one had haplotype CB of R. catawbiense; and two unknown 
haplotypes, designated QA and QB, were detected in the final two accessions 
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(table 4.3.9). Two additional accessions from the Craigtoun population (see 
4.2.5) were also found to possess the cpDNA of R. catawbiense; one had 
haplotype CA and the other haplotype CB. 
Table 4.3.9: Haplotypes present in British Rhododendron ponticum material. 
Haplotype Accessions Percentage No. of Combinations 
of total used in identification 
IE 229 88.08% lor 2 
IL 26 10.00% 7 or 3B 
T(all) 0 00.00% 
CA l(+l)A 00.38% 7 
CB l(+l)A 00.38% 7 
XX 1 00.38% 7 
QA 1 00.38% 7 
QB 1 00.38% 7 
A One single accession each of haplotypes CA and CB were collected during a return visit to 
Craigtoun, Fife, from whence the original CA haplotype was collected. 
B The three samples examined with only three combinations could all be identified as this 
type, with reasonable confidence. 
Table 4.3.9 shows clearly that the majority of naturalised British Isles 
material, 88.1 %, is of haplotype IE, which is almost exclusively Spanish in its 
native occurrence, while 10% matches haplotype IL, which was only detected 
in Portugal. The Hpa2/ pLsC8-11 RFLP profiles of a selection of 20 British 
accessions are shown in fig. 4.8. The remaining 1.9% consists of single 
accessions of five other haplotypes. 
Single accessions of two R. catawbiense haplotypes (CA and CB) were 
found in separate sites, both in Eastern Scotland (table 4.3.10 a & b, below). The 
CA type was from Craigtoun, Fife, where a subsequent search yielded a second 
individual with the CA type and also one with the CB type. 
One of the haplotypes of unknown taxonomic origin, QA, was very 
different from any of those in table 4.3.6, and an attempt was made to establish 
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Fig 4.8. cpDNA RFLP profiles generated by Hoa2/pLsC8-11 for 20 
British, and one Portuguese, accessions of Rhododendron oonticum. 
Accession number: 
19 Q134 36 7741 4960 63666869 727596 80 82848586 HD1 
2.09 kb-
- ... -
--. . -----
--- -. 
-- --
.. .. 
--- -
- ---
--
_I 
-"..-
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• • 
-,,----... -.--. 
---,-
-- ... -
NB. accessions which possess cpDNA haplotype IL have been 
underlined; all others possess haplotype IE. Numbers represent 
UK individual accessions numbers (see appendix 1 for localities) 
Accession HDI is from South Portugal. 
- 2.13 kb 
its identity phylogenetically in Chapter 3. This was not achieved with 
confidence, and its specific identity is, therefore, not known. 
The second haplotype of unknown taxonomic origin, QB, is almost 
certainly an unidentified haplotype of R. ponticum. All the polymorphisms 
examined identify it as this species; however, it does not match exactly any of 
the six haplotypes detected within native material of R. ponticum (table 4.3.8 
a&b). It matched haplotype IL in all respects other than the variable fragment 
sizes detected with Bcll/pLsC2, in which respect it is similar to haplotype TA 
(table 4.3.8b). It therefore appears to be an additional haplotype of R. ponticum, 
not identified during the survey of native material; its relationships with 
other haplotypes and its likely area of current native occurrence are discussed 
in section 4.4.1 
In summary, haplotypes of R. catawbiense, R. maxzmum, and one 
unknown species are present, in very low proportion, in the naturalised 
Rhododendron populations in the British Isles, which in most respects 
resemble R. ponticum. The cpDNA of R. arboreum was not detected in any 
accession which resembled R. ponticum in morphology, but was probably 
present in accession UK-V from the Glen Ample population (see sect. 3.4.6.2). 
One further point worth noting is that no sample showed an additive 
profile of two cpDNA haplotypes, and thus no cpDNA chimeras were detected. 
4.3.6 Distribution of cpDNA haplotypes within the British Isles 
The samples collected as individuals were grouped according to the 
areas defined in sect. 2.1.1. Haplotype IE was present in the majority of 
accessions in all areas and populations sampled (tables 4.3.10a & b). Accessions 
which possess the less common haplotype of R. ponticum, IL, were found to be 
widely distributed around the British Isles (table 4.3.10a); and also present in a 
low proportion in the majority of Scottish populations sampled (table 4.3.10b). 
Haplotype QA was present in one of 11 accessions from the Lake District (NW. 
England), while all of the other haplotypes detected were found in individual 
accessions or population samples from the eastern half of Scotland (tables 
4.3.10a & b). 
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Table 4.3.10a: Distribution of haplotypes found within the British Isles 
Area of occurrence Total no. of Haplotype 
accessions: 
IE IL Other1 
N.+W. Scotland 28 25 3 0 
Scottish Islands 6 5 1 0 
Knapdale & Kintyre 8 8 0 0 
E. Scotland 24 20 2 2 (CB,QB) 
Fife & Lowlands 13 12 1 0 
N. England 11 10 1 0 
Lake District 11 8 2 1 (QA) 
Wales 14 13 1 0 
E. Anglia 7 5 2 0 
S England 8 8 0 0 
SE England 18 16 2 0 
Ireland 29 26 3 0 
1: The actual haplotypes found are given in parentheses following the number for each area. 
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Table 4.3.10b Haplotype occurrence within each Scottish population 
Population site 
West Scotland: 
Lochranza 
Knapdale 
Gaerloch 
Torridon 
East Scotland: 
Loch Katrine 
Killin 
Killiekrankie 
Craigtoun 
Total no. of: 
accessions 
14 
14 
12 
15 
8 
5 
9 
6 
IE 
13 
14 
10 
15 
8 
3 
6 
4 
Haplotype 
IL 
1 
0 
2 
0 
o 
2 
2 
1 
Otherl 
0 
0 
0 
0 
o 
o 
1 (XX) 
1 (CA)2 
1 The actual haplotypes found are given in parentheses following the number for each area. 
2: Haplotype CB was also shown to be present by a repeat sampling from this population. 
4.4 Discussion 
4.4.1. Infraspecific cpDNA variation in R. ponticum 
In total, seven distinct cpDNA haplotypes were distinguished amongst 
samples of R. ponticum. These comprised two Iberian types, IE and IL; four 
Turkish haplotypes, of which three (TB, TD and TE) were detected from single 
accessions only, and one (TA) was present in all other accessions examined 
using the two enzyme/probe combinations which distinguished the four 
Turkish haplotypes (table 4.3.5); and one further haplotype, QB, which was 
found in a single accession from the British Isles. 
The four rare haplotypes (TB, TD and TE from Turkey, and QB from the 
British Isles) were all differentiated from common ones by the fragment profile 
generated by either Bell or Bgl2 and pLsC2. When examined with the other 
enzyme/probe combination which distinguished Turkish from Iberian 
material, i.e. Bgl2/pLsCl, the rare Turkish haplotypes TB, TD and TE exhibited 
the same fragment profile as the common Turkish haplotype TAt while QB 
had the profile of the Portuguese haplotype IL (table 4.3.8a). Accessions 
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Box 4.1. The effect of including replicates of each 
haplotype in a phylogenetic analysis. 
If a phylogeny is to be constructed from cpDNA hapIotypes distinguished within a 
species, then trees with a more informative topology can be obtained if two replicates of 
each haplotype (other than the outgroup) are included in the phylogenetic analysis. 
This is because infraspecific haplotypes, unlike species, are defined only by the 
characters in the phylogeny, and therefore an haplotype which does not have a unique 
apomophic character is liable to being paraphyletic. This is ill ustrated by a simple 
hypothetical example below: 
Shown below are four data matrices, E-H, of the hypothetical haplotypes 
v,rithin a species, and an outgroup, D. The matrices differ in whether 
haplotypes B and/or C possess an apomorphic characteristic. 
Matrix II Ell Matrix "Gil If one replicate of each haplotype 
is used, then all four matrices 
A 1 0 0 1 1 A 1 0 0 1 1 produce a phylogeny with the 
B 0 0 0 1 1 B 0 1 0 1 1 same topology, as shown below. 
c 0 0 1 0 1 C 0 0 0 0 1 A D 0 0 0 0 0 D 0 0 0 0 0 
Matrix UF U Matrix IIHII B 
A 1 0 0 1 1 A 1 0 0 1 1 
B 0 1 0 1 1 B 0 0 0 1 1 C 
C 0 0 1 0 1 C 0 0 0 0 1 D D 0 0 0 0 0 D 0 0 0 0 0 
If, however, two replicates of each haplotype are included in the phylogenetic 
analysis, the four matrices produce different phylogenetic trees as follows: 
Matrix II Ell Matrix !lFII Matrix II Gil Matrix IIHII 
A 1 0 0 1 1 A 1 0 0 1 1 A 1 0 0 1 1 A 1 0 0 1 1 
B 0 0 0 1 1 B 0 1 0 1 1 B 0 1 0 1 1 B 0 0 0 1 1 
C 0 0 1 0 1 C 0 0 1 0 1 C 0 0 0 0 1 C 0 0 0 0 1 
D 0 o 0 o 0 D 0 0 0 0 0 D 0 0 0 0 0 D 0 0 0 0 0 
B A C C 
A A A B 
A B A A 
B B B A 
C C B B 
C C C C 
D D D D 
The data set in matrix F, and the resultant phylogeny, shows each of haplotypes A, Band C 
to be monophyletic, each defined by a single apomorphy. However, the phylogeny from 
malTix H shows that B may be paraphyletic with respect to A, and C with respect to A and 
B. It illustrates which haplotypes are likely to have arisen within which others. 
possessing haplotypes TB and TE matched type TA in their Bg12/pLsC2 
profiles, but when examined with Bell/pLsC2, TB exhibited unique sizes of the 
variable fragments (table 4.3.8b), while TE had fragment sizes the same as 
found for the Iberian haplotypes IL and IE (table 4.3.8b). Conversely, haplotype 
TD exhibited the same Bell/pLsC2 profile as haplotype TA, but contained a 
unique fragment size in its Bg12/pLsC2 profile (table 4.3.8b). Haplotype QB 
produced the same Bg12/pLsC2 profile as type IL, but the size of its variable 
fragments detected with Bell/pLsC2 were similar to those of haplotype TA. 
These findings demonstrate that the fragment sizes detected with Bg12/pLsC2 
and Bell/pLsC2 can vary independently within R. ponticum. Thus there are 
certainly site mutations involved in differentiating these haplotypes from one 
another, but it is not possible to determine whether the length variation 
responsible for the correlation between Bell and Bgl2 fragment sizes across 
haplotypes outside subsection Pontica is also involved within R. ponticum. 
A phylogeny was constructed for the haplotypes within R. ponticum. 
Each fragment size detected with Bg12/pLsC2 or Bcll/pLsC2 was treated as an 
independently acquired apomorphic character. Two replicates of each 
haplotype were included in the analysis, which had the effect of making the 
trees' topology more visually informative (box 4.1). Two versions of the 
phylogeny were generated, differing in whether type QB was considered to 
have Bell/pLsC2 fragments of size identical to type TA (fig. 4.9b), or a different, 
unique size (fig. 4.9a). Both phylogenies have an identical topology, but the 
bootstrap support values vary between them. The haplotypes IE, IL and QB 
form a clade, and IE is shown to be derived from IL by the potential paraphyly 
of the latter. Haplotype QB is resolved as a sister group to IL and IE, and 
therefore, QB is, with bootstrap support of 69% or 85%, derived from the same 
lineage within R. ponticum as the Iberian material. Haplotypes QB and IL 
differ by just one mutation, which means that one of these haplotypes is likely 
to have been derived from the other, but neither phylogeny shows which. The 
interrelationships of the Turkish haplotypes are unresolved, but the 
phylogenies show that TA may be paraphyletic with respect to some or all of 
the other lineages, whilst the monophyly of the other Turkish haplotypes is 
supported. The clade containing QB, IL and IE forms one branch of a 
hexachotomy, of which all other branches are Turkish. This indicates that the 
Iberian material could have been derived from Turkish material, or it could be 
sister group to it; the data do not distinguish between these hypotheses. 
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Fig. 4.9a. cpDNA haplotype infraspecific phylogeny for Rhododendron 
pontieum: assuming the similarity between the Bell /pLsC2 bands of 
haplotypes TA and OB 
is analogous. TA 
60 
RO 
61 
R1 
RS 
Data matrix employed for phylogeny: 
R::I 
7R 
I 
I 
I 
I 
I 
J 
I 
I 
I 
TB 
TB' 
TD 
TD' 
TE 
TE' 
IL 
IE 
IE' 
IL' 
OB 
OB' 
TA' 
Out 
Polymorphism Bell fragments (kb)** Bgl1 fragment 
states* (kb) ** 
8.50+ 7.65+ 9.94+ c.8.5+ 
Len-8 G1-1 Gl-2 6.27 5.23 7.34 c.6.3 5.81 4.53 6.75 
TA 0 0 0 1 0 0 0 1 0 0 
TB 0 0 0 0 0 1 0 1 0 0 
TD 0 0 0 1 0 0 0 0 0 1 
TE 0 0 0 0 1 0 0 1 0 0 
IL 0 1 1 0 1 0 0 0 1 0 
IE 1 1 1 0 1 0 0 0 1 0 
QB 0 1 1 0 0 0 1 0 1 0 
Out 0 0 0 0 0 0 0 0 0 0 
*: Taken from table 4.3.7 and 4.3.8a 
**: Taken from table 4.3.8b. 
This phylogeny was constructed containing all haplotypes detected within R. pontieum, 
and a hypothetical outgroup, using all the cpDNA characters known to vary within R. 
pOl/tieum. The ancestral state of three of these are known (from the species phylogeny in 
chapter 3) and are set as 0 in the hypothetical outgroup. 
The remaining characters are variable fragment sizes detected with Bell or Bg12, and 
pLsC2. These are scored as 1 for presence of a fragment of each size, and 0 for its 
absence; as none of these fragment sizes occur outside R. pontieum the outgroup is 
scored 0 for all of these. The Bcll/pLsC2 fragment sizes are assumed in this data set to 
be different in QB to TA or TD. 
The tree is a bootstrap consensus tree retaining clades with over 50% support. The 
strict consensus tree for the same data set is identical in topology. 
Fig. 4.9b. cpONA haplotype infraspecific phylogeny for Rhododendron 
ponticum: assuming the similarity between the Bcll/pLsC2 bands of 
haplotypes T A and QB is homologous 
Strict consensus tree 
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Data matrix employed for phylogeny: 
Bootstrap consensus tree 
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I 
67 I 
1 
51 r 
I 
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I 
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TA 
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TB' 
TO 
TO' 
TE 
TE' 
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IE 
IE' 
IL' 
OB 
OB' 
TA' 
Out 
Polymorphism states*: Bell fragments Bgl1 fragment 
(kb)** (kb) ** 
8.50+ 7.65+ 9.94+ 
Len-8 Gl-l Gl-2 6.27 5.23 7.34 5.81 4.53 6.75 
TA 0 0 0 1 0 0 1 0 0 
TB 0 0 0 0 0 1 1 0 0 
TD 0 0 0 1 0 0 0 0 1 
TE 0 0 0 0 1 0 1 0 0 
IL 0 1 1 0 1 0 0 1 0 
IE 1 1 1 0 1 0 0 1 0 
QB 0 1 1 1 0 0 0 1 0 
Out 0 0 0 0 0 0 0 0 0 
*: Taken from table 4.3.7 and 4.3.8a 
**: Taken from table 4.3.8b. 
The data set for these trees differs from that for fig. 4.9a (q.v.) in that the Bcll/pLsC2 
fragments of the QB haplotype are here assumed to be identical to those of types T A 
and TO. The bootstrap consensus tree and strict consensus tree differ slightly in 
topology, therefore both are shown. 
If the Bell/pLsC2 profile of type QB is in fact homoplasious with that of 
haplotype TA, then this would indicate that type QB differs from TA by a 
Bg12/pLsC2 site mutation, and that IL was derived from QB by a further 
Bcll/pLsC2 site mutation; and therefore there is not a length difference 
between TA and IL. The hypothesis of a length difference is, however, 
supported by possible length differences observed between haplotypes IL and 
TA for Smal and Hind3, although these were not thoroughly investigated. 
The second hypothesis regarding QB is that its Bell/pLsC2 profile is not 
identical to that of type TA, and arose by a Bell site mutation in ancestors with 
the IL haplotype. This latter hypothesis is consistent with the theory of a 
length mutation separating IL, IE and QB from Turkish material. Overall it is 
not possible to be certain of the nature of the mutation(s) distinguishing 
haplotypes IL and TA without further investigation. 
It is theoretically possible that QB could originate from Turkey, if it 
diverged from the IL-IE lineage before this migrated to the Iberian area. 
However, QB certainly shares two apomorphies with the Iberian haplotypes 
(table 4.3.8a) and is thus differentiated from type TA by at least three mutations 
and IL by only one, indicating that it diverged from IL relatively recently 
compared to the QB-IL-IE lineage's divergence from TA. This indicates that 
QB and IL are likely to have diverged after IL became geographically separated 
from Turkish material. Thus it is most likely to be extant in the Iberian 
Peninsula, but could theoretically have arisen in the British Isles in the 200 
years since R. ponticum's introduction. Both phylogenies show that QB is 
more closely related to IL than it is to IE, and therefore it is tentatively assumed 
that QB is Portuguese in origin, for the purposes of further discussion. 
The phylogeny, as mentioned above, shows that the Iberian material 
may have been derived from one lineage from within the Turkish material, in 
which case the variation present in Iberian material would be a subset of that 
present amongst Turkish material. In the current study, Turkish samples were 
examined with between 3 and 7 enzyme/probe combinations, while 
representatives from the three Iberian areas were successfully examined with 
97. Despite this, four haplotypes were detected in Turkey while only two were 
identified from the Iberian Peninsula. Markers to distinguish material from 
different areas of Turkey were not sought during the current study, but the 
results obtained indicate that such a survey, would probably resolve a much 
greater degree of infraspecific cpDNA variation within the Turkish 
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populations. The molecular data concur with the observations of Bean (1976) 
and Chamberlain (1982) who found that morphological characters which are 
fixed in Iberian populations, such as the velutinous rhachis, display greater 
variability in Turkey Thus both molecular data and morphological 
observations indicate that the Iberian populations possess less genetic 
variation than do those in Turkey. This difference is likely to be because the 
Iberian populations have passed (or are passing) through a genetic bottleneck. 
Such a bottleneck could have occurred during their spread towards, or during 
colonisation of, the Iberian Peninsula; moreover, the populations may 
currently be experiencing a further bottleneck due to restricted distribution. 
4.4.1.2 Native distributions of Iberian cpDNA haplotypes. 
All 18 Spanish accessions possessed the IE cpDNA haplotype, as did one 
of 43 Portuguese accessions surveyed. All of the other Portuguese accessions 
possessed haplotype IL. The one Portuguese IE haplotype was present in a site 
in south Portugal from which a single accession with haplotype IL was also 
collected. 
It is clear from the results that the deletion which defines, and is unique 
to, the Spanish type IE is an apomorphy. The presence of a single sample of 
this haplotype in Portugal indicates that the polymorphism predates the 
isolation of the Spanish populations. Therefore, the polymorphism is likely to 
have originated, or been present, during the period of southward expansion by 
R. ponticum through the Iberian Peninsula, which ultimately resulted in the 
colonisation of SW Spain. The results indicate that plants with haplotype IE 
are likely to have made up at least the majority of those which founded the 
populations in Spain. This in turn indicates that haplotype IE may have been 
present, and possibly predominated, at the leading edge of the southward 
expansion of R. ponticum. After the Spanish and Portuguese populations 
became discontinuous with one another, haplotype IE is likely to have 
remained present in Portuguese populations, most probably always at a low 
frequency. In Spain, type IL may never have occurred, or may have been 
originally present but has since been eliminated stochastically. Alternatively, 
it may occur at very low frequency and remained undetected by the current 
survey. The current distribution of R. ponticum in Spain is highly 
discontinuous (F. Sales, pers. comm; pers. obs.) but was presumably more 
continuous at an earlier time when R. ponticum was more abundant. If 
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haplotype IL was present, even in low proportion, when the Spanish 
distribution became fragmented, then it may by chance have become fixed in 
some of the currently extant small populations. Seed transfer between 
populations is unlikely as the typical dispersal distance for R. ponticum is 50m 
(Brown, 1953b) and although longer dispersal distances occur in exposed sites 
(Rotherham, 1986b), the Iberian populations usually occur in valleys (Sales, 
1997; pers. obs.), which would inhibit wind dispersal. Therefore the transfer of 
cpDNA types between isolated populations is unlikely and stochastic fixation 
of locally rare haplotypes would thus be favoured. These arguments, although 
hypotheticat indicate the possibility that haplotype IL may exist in some 
popula tions in Spain. 
The sampling within Portugal, comprising 44 accessions from 15 
localities, was significantly more extensive than that from Spain, which 
comprised 15 individuals from just four localities. The distribution of R. 
ponticum in Spain encompasses an area in a narrow band stretching 40km 
north from near the coast at Tarifa, (Sales, 1997); however, all four populations 
sampled were from the southern end of this area, within 20 km of Tarifa. It is 
feasible that haplotype IL could be found in the unsampled northern portion 
of its Spanish distribution. 
Thus, regarding the British material of R. ponticum, which comprise 
89% type IE and 10% type IL (a ratio of roughly 9:1), there are three possibilities 
for their origin. The first is that independent introductions occurred from 
both Spain (of type IE) and Portugal (type IL). It might be postulated that the 
Spanish material is more common now because it was introduced earlier and 
became plentiful in cultivation before the introduction of Portuguese material, 
or because it did better in cultivation, or because a greater quantity of Spanish 
than Portuguese material was introduced. The second possibility is that type IL 
occurs in Spain, and made up a small proportion of material introduced to the 
British Isles from Spain; in which case an additional introduction from 
Portugal need not be hypothesised. A third possibility is that all material was 
introduced from south Portugal, where both haplotypes are known to occur. 
This is very unlikely, as, from the survey, the ratio of type IL to type IE in the 
Algarve is 33:1 giving an estimated 3% chance that a plant selected at random 
for introduction had haplotype IE. Moreover, to achieve the 9:1 ratio present 
in British Isles material, several plants would need to have been introduced, 
with type IE in the majority, which is even more improbable. Thus it is 
reasonable to reject the third hypothesis and state that Spain is the principal 
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source of the introduction of R. ponticum to the UK, but that it is likely, 
though not certain, that later and/or smaller scale introductions from Portugal 
also occurred. 
4.4.2 Origin and distribution patterns of material of R.ponticum present in the 
Bri tish Isles 
4.4.2.1 Are Turkish haplotypes completely absent from R. ponticum in the 
British Isles? 
The results of the current study indicate that Turkish haplotypes are 
completely absent from the populations of R. ponticum naturalised in the 
British Isles. Curtis (1803) implied that live material of R. ponticum was 
imported from Turkey, though apparently not until the Iberian types were 
becoming established in cultivation. The Turkish types may have died out 
completely in cultivation, as according to RB.G.E staff Turkish material is less 
hardy in Britain (or at least in E. Scotland) than Iberian material. Thus they 
may have been selected against both naturally and by human choice of 
breeding parent, until they disappeared completely from most or all of the 
main cultivated populations. Thus the simplest explanation for the observed 
results is that Turkish types are now absent in cultivation altogether. It is 
possible, however, that a few individuals of Turkish provenance are still in 
cultivation, but either are not sufficiently hardy to naturalise successfully in 
the British Isles, or are outcompeted by Iberian types where the opportunity is 
available to become naturalised. It is also conceivable that there exist 
cultivated populations of R. ponticum comprising only the Turkish type, and 
in the absence of competition from the Iberian type, these could have given 
rise to naturalised populations. 
In summary, because the British Isles distribution of R. ponticum 
consists of numerous populations each with a theoretically independent 
introduction source and history, the possibility that Turkish types occur in a 
few small populations cannot be discounted. However it can be concluded that 
all of the principal naturalised populations in the British Isles, and the great 
majority of smaller ones, consist entirely of material of Iberian descent, and 
that Turkish material is at least very rare, and probably absent. 
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4.4.2.2 Distribution of the "Portuguese" (IL) haplotype in British R. ponticum 
For the purposes of further analysis it is assumed that type IE originates 
from Spain and type IL from Portugal. The alternative explanation, that all 
plants originated from the same country (more probably Spain) is not 
discounted; the analysis is done with the proviso that if this is the case then 
there may be no relevance to the distribution of the two haplotypes in the 
British Isles. 
It is apparent from the distribution of the IL haplotype amongst British 
Isles accessions (table 4.3.10a&b) that this haplotype is relatively evenly and 
randomly distributed throughout the region, and possibly also within 
populations. Clear genetic differences were found, using isozymes, between 
populations of alien Bromus tectorum in different parts of America, providing 
strong evidence of independent sites of naturalisation in different areas 
(Novak & Mack, 1993; Novak et al., 1993). In British R. ponticum, the 
distribution of the rarer IL haplotype would not indicate genetic differences 
between material from different areas, which would indicate different histories 
in cultivation, unless its frequency varied between populations. A check was 
made to determine whether any areas could be shown to contain unusually 
high or low concentrations of IL haplotypes. This was done first by calculating 
the proportion of IL to IE haplotypes amongst samples collected as individuals. 
Thus non-R. ponticum (QA, CA) haplotypes were not included, and plants 
collected as populations were also excluded, as there was a possibility of bias 
towards one or other type in individual populations. The accession containing 
haplotype QB was assumed to be Portuguese in origin (section 4.4.1 above), and 
was therefore treated as an accession of haplotype IL in the analysis. Of the 
accessions included, 19 of 146 possessed the IL haplotype, which gives a 
proportion of 0.116. Taking as a null hypothesis that the IL haplotype is 
present in this proportion throughout the British Isles, a statistical analysis was 
performed using the binomial distribution. Accessions were grouped by area 
as in table 4.3.10a, and for each group the probability of the observed number of 
the IL haplotype occurring by chance was calculated, along with the probability 
of a lower or higher number, and also the expected average number (table 
4.4.1a). A similar analysis was performed on the Scottish populations, again 
taking a proportion of 0.116 for the IL haplotype as a null hypothesis, and the 
results of this are shown in table 4.4.1b. As the analysis was intended to detect 
areas or populations with unusually high or low proportions of the IL 
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haplotype, the statistical test is two-tailed and therefore a probability of 2.5% or 
less was considered necessary to give a result significant at the 95% leveL 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
Table 4.4.1a Pro]2ortion of the IL ha]21otX]2e in accessions of R. 120nticum 
occurring in different areas of the British Isles. 
Probability of finding: 
Numbers of: 
Expected 
IL IL+IE Fewer IL An equal no. MorelL mean no. 
types types haplotypes ofIL types haplotypes ofIL types 
W Scotland 3 28 0.354 0.234 0.411 3.25 
Scottish 1 6 0.477 0.376 0.147 0.7 
Islands 
Knapdale& 0 8 0 0.373 0.627 0.93 
Kintyre 
E Scotland 3 23 0.491 0.235 0.274 2.67 
Fife/lowlands 1 13 0.201 0.343 0.455 1.5 
N. England 1 11 0.258 0.372 0.371 1.28 
Lake District 2 10 0.586 0.176 0.237 1.16 
Wales 1 14 0.178 0.327 0.495 1.62 
E. Anglia 2 7 0.809 0.153 0.038 0.81 
S England 0 8 0 0.373 0.627 0.93 
SE England 2 18 0.365 0.286 0.348 2.09 
Ireland 3 29 0.330 0.231 0.439 3.36 
The columns in this table and table 4.4.1 b list respectively the number of IL haplotypes and of 
IL+IE (i.e. all R. ponticum) haplotypes, the probability of a number of IL haplotypes 
respectively lower than, equal to or higher than that observed occurring by chance; and finally 
the expected average number of IL haplotypes for that sample size. 
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Table 4.4.1b: Proportion of the IL haplotype in accessions of R. ponticum from 
different locations in Scotland 
Location Probability of finding: 
Numbers of: 
Expected 
IL IL+IE FewerIL An equal no. MorelL mean no. 
types types haplotypes ofIL types haplotypes ofIL types 
West Scotland 
Lochranza 1 14 0.178 0.327 0.495 1.62 
Knapdale 0 14 0 0.178 0.822 1.62 
Gaerloch 2 12 0.586 0.259 0.155 1.39 
Torridon 0 15 0 0.157 0.843 1.74 
Eas t Scotland 
Loch Katrine 0 8 0 0.373 0.627 0.93 
Killin 2 5 0.894 0.093 0.013 0.58 
Killiekrankie 2 8 0.764 0.180 0.056 0.93 
Craigtoun 1 5 0.540 0.354 0.106 0.58 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
For no area or population was the proportion of the IL haplotype 
significantly different from the overall proportion. The most unlikely result 
was a probability of 0.093 for 2 IL haplotypes out of 5 from Killin (E. Scotland), 
but the probability of this or a more unlikely (3 or more) result was 10.6%, and 
thus not significant. To prove at the 5% level that the IL haplotype was absent 
(or rarer than normal) in a population or area would require finding none in a 
sample size of 25 or more; thus, the possibility that the IL haplotype is absent 
from some populations or areas could not be adequately tested by this study. It 
is concluded that the IL haplotype is randomly distributed throughout the 
distribution of R. ponticum in the British Isles, with local fluctuations in 
frequency neither proven nor disproven. 
As discussed above, most populations of R. ponticum in the British Isles 
appear to arise from plantings of individuals in a single site, and this was 
certainly the case for all but one (Knapdale, W. Scotland; see sect. 5.2) of the 
Scottish populations from which multiple accessions were collected (table 
4.4.1b). Five of these populations contained both haplotypes, indicating that 
the plantings which give rise to naturalised populations (at least in Scotland) 
frequently comprise individuals of both haplotypes IL and IE. 
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All the sites surveyed can be roughly grouped into areas where R. 
ponticum is considered especially invasive, and those where the plant is 
comparatively unaggressive. Areas where the plant is more invasive occur 
more commonly in the west; i.e. Western Scotland (which includes the four 
populations sampled from W. Scotland, table 4.4.1b), Wales and Ireland, from 
which a total of 140 accessions were taken. The remaining areas, England and 
Eastern Scotland (including the sites from which the four populations were 
sampled from E. Scotland, table 4.4.1b), comprise 116 accessions. The Lake 
District is placed in the latter category because, despite being a hilly western 
area, all the plants collected were from comparatively small populations and 
the plant does not seem to be as invasive there as it is in the other western 
areas mentioned. It is possible to calculate the actual and expected numbers of 
the IL haplotype within the areas in which R. ponticum is invasive or 
relatively non-invasive, as shown in Table 4.4.2. As the above analysis (table 
4.4.1b) has demonstrated that the IL haplotype has an even distribution 
amongst the Scottish populations from which multiple accessions were taken, 
the proportion of accessions bearing the IL type over all accessions including 
these, and also Irish material, was used as a null hypothesis; this proportion is 
27/256 or 0.105. 
Table 4.4.2: Occurrence of the IL haplotype in different areas of the UK where 
R. ponticum is either invasive or relatively non-invasive. 
Total Actual Expected S.D. 
sampled IL's found no.ofILs 
Invasive areas: 
Wales, Ireland, W. Scotland 140 11 14.77 13.21 
N on-invasive areas: 
England, East Scotland 116 16 12.23 10.94 
Chi Squared= 1.38; 1 degree of freedom. 
Necessary for significance at the 5% level (2-tailed test) is a value of 5.02. 
There is a tendency for the IL haplotype to be rarer in the western, more 
invasive populations. However a Chi-Squared test (table 4.4.2) showed that 
this trend was not significant. Overall it is concluded that the distribution of 
the IL haplotype in the British populations of R. ponticum is random or nearly 
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so, and that where groups of individuals have been planted they have tended 
to contain the two haplotypes (IL and IE) roughly in the same proportion. 
This, in turn, indicates that the two haplotypes were evenly mixed in the stock 
supplied for planting, and also in cultivation. From this, it appears that 
accessions containing the two Iberian haplotypes have been grown together in 
cultivation in the British Isles over a lengthy period of time, allowing them to 
cross freely. This indicates that all naturalised material throughout the British 
Isles is derived from the same cultivated stock, which in turn indicates that the 
material sampled in Ireland was derived from that cultivated in Britain (or 
vice versa). The similarity in the proportions of the IL haplotype is evidence 
against the hypothesis that British and Irish material originated from separate 
introductions of native material. 
If plants have been free to cross in cultivation, as the above analysis 
suggests, then any fitness difference between pure Spanish (IE) and Portuguese 
(IL) introductions to the British Isles would have affected the proportions of 
the two types surviving in cultivation. At the same time, over generations of 
crossing the link between cpDNA type and nuclear ancestry would have 
weakened, so that most extant British individuals would have both Spanish 
and Portuguese ancestors in varying ratios. Therefore, even if a fitness 
difference existed originally between pure Portuguese and Spanish material in 
the British Isles, this difference would not be expected between extant 
individuals of different haplotype. 
If the two haplotypes originate from different native populations, then 
the mixing of the two haplotypes in the British Isles will have given the plants 
access to a wider genepool than was available in any native population. Thus 
the naturalised populations may be more adaptive than the native 
populations from which they were collected. However, it should be borne in 
mind that the genetic variation of introduced naturalised material (excluding 
that acquired from other species) will represent only a subset of the variation 
present in the native Iberian material overalL 
4.4.3 cpDNA haplotypes of other species found in British R. ponticum 
material. 
Four cpDNA haplotypes of species other than R. ponticum were found 
amongst the naturalised Rhododendron populations in the British Isles. All 
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four were initially recovered from single accessions, although additional 
samples of two of the haplotypes were found after returning to a site where a 
non-R. ponticum haplotype had already been identified (Craigtoun, Fife). 
One accession containing the haplotype of R. maximum (XX) was 
present in the Killiekrankie population (E. Scotland), which was a dense stand 
of c. 200m2 in woods directly opposite a hotel garden containing 
Rhododendrons. One individual possessing haplotype QA, whose specific 
identity is not certainly known, occurred by a roadside close to an estate in the 
Lake District, England. One individual (UK-144) collected from a population 
in a private plantation by a roadside in Perthshire possessed a haplotype of R. 
catawbiense (CA), and another specimen with haplotype CB (also from R. 
catawbiense) was found in the population at Craigtoun, Fife. A return visit to 
the Craigtoun site yielded a second individual of haplotype CB, and also an 
individual with haplotype CA. One of the accessions possessing haplotype CB 
(FCr-D; see chapter 5) also matched R. catawbiense in several morphological 
characters such as rounded leaf shape and the strongly hairy ovary. The two 
other accessions from Craigtoun with an R. catawbiense haplotype both 
possessed less densely hairy ovaries, and resembled typical material of neither 
R. ponticum nor R. catawbiense; flowers of accession UK-144 were not seen. 
A detailed examination of the Craigtoun popUlation showed that all 
plants occurred close together in an area in which the presence of much less 
invasive exotics, such as the ostrich fern Matteuccia struthiopteris l 
Polygonatum hybridum, Prunus laurocerasus (which is rare north of the 
Forth, Clapham et al., 1987; pers. obs.), Cornus sericea, and several conifer 
species, indicated that it was probably a former estate or large garden. The CA 
and CB haplotypes in the Craigtoun population occurred under a pure stand of 
sycamores (Acer pseudoplatanus) which were all of similar age, again 
indicating that the area had been managed in the past. A walled garden in the 
vicinity appears to have been abandoned around 1918 (P. Christopher, pers. 
comm.) and the Rhododendrons have probably been spreading wild since 
then. They have spread about 1 km upstream in some quantity, although no 
other specimens were found which strongly resembled R. catawbiense. 
The fact that two different R. catawbiense haplotypes are present in the 
Rhododendron population at Craigtoun indicates that at least two plants of 
this species (or with R. catawbiense as the maternal ancestor) were originally 
planted here and that either plants were brought here from different sources or 
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the CA and CB haplotypes were mixed in cultivation in the way the Iberian 
ones (IE and IL) appear to have been. Finally, the presence of two R. 
catawbiense haplotypes in Britain indicates multiple introductions of this 
species, although it is possible that both haplotypes originated from a single 
introduction of a polymorphic source. 
The other three accessions of non-R. ponticum haplotypes occurred in 
comparatively small populations very close to a source of planting. Thus no 
such haplotype has been found at any reasonable distance from a probable 
source of introduction, and all occurred in areas where Rhododendron 
invasion is a local and only moderate problem, i.e .. E. Scotland or The Lake 
District. Thus non- R. ponticum haplotypes were not found amongst the most 
extensively naturalised populations of W. Scotland, Snowdonia and Ireland, 
although more than half of the samples surveyed (140 of 260) were from these 
areas. This indicates that Rhododendron material containing the haplotypes 
of other species may not spread as efficiently or rapidly as that containing 
haplotypes of R. ponticum. This could be because the haplotypes other species 
are selected against and/ or because R. ponticum is favoured as maternal parent 
in crosses with other cultivated species. In some cases the trend might result 
from R. ponticum being planted earlier than material of other species, 
although there is no historicla evidence to support this. The selective and 
evolutionary effects of other species on the naturalised populations of R. 
ponticum is considered in more detail in Chapters 5 and 7. 
To the four non-R. ponticum cpDNA haplotypes detected in naturalised 
material can be added a fifth, haplotype V, which is probably derived from R. 
arboreum or a close relative thereof (Chapter 3). This haplotype was identified 
from a population of plants which, based on morphology, were of a different 
taxonomic entity from R. ponticum. Some of the younger plants at this site 
may have been derivatives of hybridisation with R. ponticum; however there 
was insufficient time to investigate this possibility using molecular markers. 
4.4.4 Potential effects of biparental cpDNA transmission on the results 
Biparental transmission of cpDNA could have affected the results in 
two ways. Firstly, it makes it possible for two cpDNA haplotypes to coexist 
within the same plant. It is unlikely that this would have had much effect on 
the cpDNA composition of the British populations of R. ponticum, except 
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possibly to increase slightly the probability of rare haplotypes surviving the 
founder event of introduction. This study has produced some incidental 
evidence that plants with mixed haplotypes are rare. The Portuguese 
haplotype (IL) appears to be more or less randomly distributed and is 
outnumbered roughly 9:1 by the Spanish type (IE). Therefore the probability of 
any gamete of IL haplotype mating with an IE gamete (selfing is very rare in 
natural circumstances, D. Chamberlain, pers. comm.) is roughly 90%. From 
this, it can be worked out that 18% of all individuals in a population with 9:1 
ratio will be of mixed parentage. Thus amongst 256 accessions from the British 
Isles with haplotype IL or IE analysed, one would expect, on average, 46 to be of 
mixed parentage. However in the survey, no plants were observed to show a 
mixture of the two haplotypes. If plants showing a mixture of haplotypes do 
exist, it was calculated using the binomial distribution that they must be in a 
proportion of less than 6.3% amongst plants of heterogenous parentage, in 
order for the discovery of none amongst 46 samples to have a probability of 
more than 0.05. As the majority of samples were collected as leaves from only 
a single branch, this analysis only proves that individuals with two plastome 
types present on a single branch are rare or absent; it provides no evidence to 
test the possibility that some individuals may occur which have different 
cpDNA types on different branches. 
The second possible consequence of biparental transmission is effective 
paternal transmission (e.g. Mogenson, 1996). This would happen if both 
parents' plastids are present in the zygote and the maternal ones die out, or if 
both types survive in parts of the Fl and the paternal types are present in some 
or all of its gametes. The occurrence of paternal transmission would have no 
bearing on the analysis of the cpDNA results alone, except that it might make 
the haplotypes of planted individuals more likely to enter nearby naturalising 
populations. However, the occurrence of paternal transmission could increase 
the flow of chloroplast types between the native populations in Spain or S. 
Portugal, which would affect the interplay of the IL and IE haplotypes present 
there. 
4.5 Final conclusions 
The survey of cpDNA variation in R. ponticum has been successful in 
determining the areas of origin of populations of R. ponticum naturalised in 
the British Isles. The survey of cpDNA haplotypes present in the British 
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material demonstrates that the naturalised populations are derived from 
Iberian material only, which is predominantly Spanish in origin. The IL 
haplotype comprises roughly 10% of the British material, although the limited 
sampling of native Spanish material means that it cannot be stated with 
absolute confidence that this haplotype is Portuguese in origin. The survey 
has shown that the two haplotypes are mixed in cultivation and in the 
naturalised populations, probably evenly so. The results would seem to be 
most consistent with a hypothesis that all naturalised material of R. ponticum 
in the British Isles, including that in SW Ireland, is derived from the same 
cultivated stock; whilst the cultivated stock itself was probably derived from 
the mixing of native material from more than one introduction. 
The results confirm that individuals with R. catawbiense, R. maXImum, 
R. arboreum, and one other species, in their ancestry are present amongst the 
naturalised populations of Rhododendron in the British Isles, but give no 
indication of the extent to which introgression from these, or other species, 
into R. ponticum may have affected the naturalised material. Introgression 
into naturalised R. ponticum from other species in cultivation, through 
pollen, would not be detected by the cpDNA survey conducted. In the 
following chapter morphological and nuclear markers are used to assess 
further the impact of other species on the naturalised populations. 
115 
Chapter 5 
Nuclear rDNA and morphological evidence of introgression in 
Rhododendron ponticum in the British Isles. 
"I have seen a picture, sefior. I do not say that there is 
no sunflower there at alL I do not say that there is no 
turnip there. I do not say that there is no nettle, or even 
no orchid there. But I do say that if they were all fathers 
to it, they would none of them know their child. I do 
not think it would please them greatly, either." 
John Wyndham, 
"The Day of the Triffids". 
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5.1 Introduction 
5.1.1 Morphological evidence of introgression 
In the previous chapter it was reported that chloroplast DNA markers 
could be used to determine with confidence the principal areas of origin of 
naturalised British Rhododendron populations, i.e. the Iberian Peninsula, but 
were of limited use in detecting what other species have contributed to the 
gene pool of British R. ponticum. 
Morphological evidence of introgression from other cultivated species 
into naturalised R. ponticum in the British Isles has been noted by several 
workers. Native Iberian material of R. ponticum always has glabrous ovaries 
and a calyx up to 2 mm, for which lobes are about half this length (Popova, 
1972; Cabeduzo, 1987; Davidian, 1992; Chamberlain, 1982; "Caliz 2 cm" in 
Gomez, 1993 is certainly a misprint for 2 mm). In contrast, Clapham et al. 
(1987) noted that some of the British naturalised material possessed hairy 
ovaries, which they attributed to past hybridisation with R. catawbiense. They 
also noted specimens with a large calyx and highly glandular pedicels, which 
they attributed to past hybridisation with R. maximum. Stace (1997) attributed 
the morphological variability of material in the British Isles to hybridisation 
with R. maximum. Cox & Hutchinson (1963), who were familiar with the 
native Turkish popUlations of R. ponticum, noted that the naturalised 
material has leaves which are flatter, shinier and darker than is seen amongst 
native material. They concluded that "there is little doubt that our (British) 
plants are hybrids of R. ponticum and the American R. catawbiense, with other 
influences here and there". However, some of the differences they observed 
could reflect the different habitats occupied by the species in Turkey and the 
British Isles. Cross (1975) did not examine the flowers of naturalised material 
in detail and used the evidence of Cox & Hutchinson (1963) to suggest that 
hybridisation with cultivated species might be occurring. Davidian (1992) 
asserted that "a large number (of naturalised plants) must be regarded as R. 
ponticum hybrids, mainly R. ponticum crossed with R. catawbiense, R. 
maximum, and other hardy hybrids". Michalak (1976) noted "at least ten 
different variations of flower within a very small area of Rhododendron 
scrub" in a naturalised population on the Isle of Arran. Although he seemed 
sure that the naturalised R. ponticum already had other species in its ancestry, 
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he felt that the level of variation observed in populations such as that on 
Arran must be due to recent hybridisation between naturalised R. ponticum 
and cultivated relatives. 
In summary, there seems to be general agreement amongst botanists 
who have observed the flowers of the naturalised populations in detail that 
these populations are composed of R. ponticum which has been introgressed 
to some extent by R. catawbiense and/or R. maximum. 
5.1.2 Historical evidence regarding past hybridisation of R. ponticum in 
cultivation. 
Rhododendron ponticum has certainly been subjected to extensive 
hybridisation by plant breeders since its introduction in 1763, principally 
during the first half of the nineteenth century. The species with which it was 
first, and most extensively, crossed appear to have been R. catawbiense, R. 
maximum and R. arboreum, and horticultural hybrids involving these four 
species were termed "Hardy Hybrids" (1976). Of these species, R. maximum 
was introduced first in 1736 (Bean, 1976), followed by R. ponticum in 1763 
(Bean, 1976; Loudon, 1838). Hybrids between these two species occurred in 
cultivation, but there are few records of deliberate crosses, and Bean (1976) 
implies that the the majority of early crosses were accidental. William Smith 
in 1806 (Bean, 1976) and Herbert in 1926 (Michalak, 1976), raised white-
flowered hybrids, which suggests that white-flowered individuals of one or 
both species were sometimes selected as breeding parents. White-flowered 
individuals of R. ponticum do sometimes occur naturally at least in Turkey 
(Cox & Hutchinson, 1963). Rhododendron catawbiense was discovered in 1799 
(Coats, 1963), introduced to Britain in 1809 (Bean, 1976; Coats, 1963), and first 
flowered in cultivation in 1813 (Davidian, 1992). Rhododendron catawbiense 
was crossed with R. maximum very soon after its introduction (Bean, 1976) 
and allowed to hybridise with R. ponticum, resulting in "a numerous swarm 
of late-flowering Rhododendrons in shades of blush, light pink and mauve" 
(Bean, 1976). Michalak (1976) gave the date of 1820 for the earliest recorded 
cross between R. catawbiense and R. ponticum. Coats (1963) stated that the 
early "Hardy Hybrids" resulted from crosses between these three species and R. 
caucasicum, but according to Bean (1976) hybrids involving the latter species 
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tended to be unpopular due to their early flowering and therefore became 
uncommon in cultivation. 
The morphological similarity between R. ponticum, R. catawbiense and 
R. maximum gave their hybrids limited variability (compared to some other 
horticultural hybrids) and thus limited potential for horticultural 
developement (Bean, 1976). When the first cultivated individuals of R. 
arboreum flowered in 1825 (Bean, 1976), breeders took this opportunity to 
involve this species in the breeding of the "Hardy Hybrids". The most well-
known such cross, "Altaclarense", was a cross between R. arboreum and R. 
catawbiense x R. ponticum (Michalak, 1976; Bean, 1976; Coats, 1963). Coats 
(1963) describes this cross as "the first real forerunner of our garden 
Rhododendrons of today", and Bean (1976) records that "Altaclarense" was 
backcrossed to R. catawbiense, R. maximum and "a late flowering hybrid of R. 
ponticum", and that such hybrids, which displayed a wide range of flower 
colours, were brought into commerce. 
Rhododendron arboreum was the paternal parent of "Altaclarense" 
(Bean, 1976), and "Altaclarense" was in turn the paternal parent of the crosses 
with R. maximum and R. ponticum mentioned above (Bean, 1976). As R. 
arboreum and its first generation crosses are early-flowering in cultivation 
(Bean, 1976), both are likely to have been the pollen parent in most or all of 
their horticultural crosses. For this reason, individuals with R. arboreum as 
their maternal ancestor are likely to be disproportionately rare, or even absent, 
in the progeny of such "Hardy Hybrid" crosses. 
Following the production of numerous cultivars based on the above 
species, an increasingly large number of species were used in the creation of 
hybrids, notably R. griffithianum (Coats, 1963; Bean, 1976), but none of the 
authors cited (Michalak, 1976; Bean, 1976; Coats, 1963) mentioned any further 
backcrosses between these later hybrids and R. ponticum. 
5.1.3 The utility of morphological and molecular markers 
Morphological markers alone may be of considerable value in studies in 
which the introgressing species is confidently known, e.g. Jensen et al. (1993). 
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In the current study, however, introgression from a large number of species 
could potentially have taken place. As discussed above, introgression from 
three species (R. catawbiense, R. maximum and R. arboreum) is likely to have 
occurred; however about 120 species of Rhododendron have been involved at 
some point in the breeding of horticultural hybrids in the British Isles (Bean, 
1976). Any of these other species could potentially have contributed to the 
ancestry of some plants cultivated as "R. ponticum". In addition, there exists 
the possibility of natural hybridisation between R. ponticum and other species 
grown at the same location, either before, after or during naturalisation. 
The scope for morphological variation amongst so many species is 
obviously large, and none of the characters which distinguish some 
naturalised Rhododendron individuals from pure R. ponticum are rare 
within the genus. For example, the character which most frequently and 
unequivocally indicates introgression in naturalised R. ponticum is the 
presence of ovary hair, which is a characteristic found in every species of 
Rhododendron subsection Pontica except R. ponticum (Chamberlain, 1982). 
Therefore the presence of characteristics alien to R. ponticum in particular 
accessions of the species could be due to introgression from one of many 
species. In addition, introgression from more than one species is possible in 
the ancestry of any extant individual, and therefore a single accession with 
several characteristics alien to R. ponticum may not neccessarily have acquired 
these from the same species. 
If molecular markers could be used to show the extent of introgression 
in the naturalised populations, and also which donor species were responsible, 
then this could also assist the interpretation of the morphological variation in 
two ways. Firstly, if it was shown that certain species were certainly involved 
whereas others were rarely if ever involved, then the set of likely species from 
which a morphological trait could have been acquired would be reduced and 
firmer conclusions might then be possible in regard to morphological data. 
Secondly, if it could be shown that the occurrence of certain morphological 
characteristics, either in individuals or discrete populations, was correlated 
with that of a species-specific molecular marker, then that characteristic could 
be taken to indicate probable introgression from a specific species in future 
field studies. 
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Correlations between characters acquired from another species through 
hybridisation do, however, tend to disappear over a relatively small number of 
generations unless controlled by genes which are tightly linked (Rieseberg & 
Ellstrand, 1993). If no correlations are found between (or amongst) molecular 
or morphological markers then this would be consistent with the hypothesis 
that introgression into R. ponticum occurred many generations ago, i.e. 
mainly during horticultural hybridisation On the other hand, if several 
characters indicating one species were correlated then this would suggest that 
the introgression may have been recent. 
In the current study, it was intended to survey material from 
throughout the British Isles using at least one nuclear molecular marker. It 
was also intended to survey a subset of this material for morphological 
characteristics and thus to determine if correlations existed between 
morphological and molecular markers. 
5.1.4. Detection of introgression using nuclear markers 
The detection of nuclear introgression in the absence of cytoplasmic 
introgression is comparatively rare. Rieseberg & Wendel (1993) were aware of 
just 2 instances of nuclear introgression in the absence of cytoplasmic 
introgression, but cited 18 instances of the reverse phenomenon having taken 
place. One example was in Iris and was suggested to result from gene flow 
being principally due to pollen transfer (Arnold et al. 1991; Arnold et al. 1992). 
Instances of introgression occurring through pollen transfer apparently 
without accompanying seed transfer have been documented using 
morphological data plus assumptions of limited seed dispersal (Potts & Reid, 
1988; Jensen et aL 1993). In such cases nuclear introgression without 
cytoplasmic introgression presumably occurs, unless paternal plasmid 
transmission is possible. The rarity of documented instances of nuclear 
without cytoplasmic introgression reflects differences between the 
characteristics and inheritance patterns of the two molecules (Rieseberg & 
Wendet 1993). Parts of the nuclear genome may be deleterious if transferred 
to another species, and thus will be lost through selection in hybrids or 
segregants, whereas the cpDNA molecule is unlikely to be affected by such 
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selection. Such differential introgression has been convincingly demonstrated 
in Helianthus (Rieseberg et ~ 1991). Furthermore, if one species is favoured 
slightly as the non-cytoplasmic parent, then repeated backcrossing to this 
species will eliminate most or all introgressed nuclear markers while the 
introgressed cpDNA has a higher probability of being retained. Arnold (1993a) 
discusses various methods by which situations of differential nuclear and 
cytoplasmic introgression might come about. 
Amongst Rhododendrons in the British Isles, R. ponticum may have 
been the favoured maternal (i.e. cytoplasmic) parent in the majority of 
horticultural crosses, judging by the rarity of other species' haplotypes amongst 
naturalised material (chapter 4). Also the possibility exists that introgression 
has occurred by pollen transfer into naturalised populations. Both of these 
scenarios suggest that nuclear introgression could have occurred to a greater 
extent than cytoplasmic introgression, and thus offers a possible means of 
investigating the influence of other species on naturalised material of R. 
ponticum. 
5.1.5 Techniques which could be used to survey introgression into naturalised 
populations. 
The evidence presented in the previous chapter indicated that plants 
which had R. catawbiense, R. maximum and one other species as their 
maternal ancestors occur occasionally amongst naturalised populations of R. 
ponticum in the British Isles. No individual with the cpDNA type of R. 
arboreum was found amongst naturalised populations (except at Glen Ample, 
where the population was of a cultivar unconnected to R. ponticum). 
However, as discussed above, this could be because R. arboreum tended to be 
the paternal parent of horticultural crosses which also involved R. ponticum. 
The cpDNA data also suggested that the naturalised material was derived from 
a single pool of cultivated stock. 
The morphological variation within naturalised material noted in sect. 
5.1.1, does not appear to be of a greater magnitude than that observed amongst 
the "Hardy Hybrids", and thus there is as yet no morphological evidence that 
species other than R. catawbiense, R. maximum and R. arboreum are involved 
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in the parentage of naturalised populations. Therefore, the best strategy for 
seeking nuclear evidence of introgression would be to concentrate on 
identifying markers which would detect introgression from these three species. 
This would require, in each of the mentioned species, the detection of a unique 
molecular character which did not occur amongst a large survey of native 
material of pure R. ponticum. Ideally the marker system(s) used would detect 
additional variation amongst other Rhododendron species. The marker 
system of nuclear rDNA RFLPs could potentially satisfy these criteria and has 
been employed in other studies involving both hybridisation and an 
introduced taxon. 
Helianthus annuus is comparable to R. ponticum in that it is an 
introduced species which has undergone hybridisation with more than one 
species outside of its native distribution. rDNA RFLPs have been involved in 
demonstrating that three separate diploid species arose as hybrids between H. 
annuus and H. petiolaris (Rieseberg et al., 1990b; Rieseberg 1991) and that 
introgression from H. debilis ssp cucumerifolius into H. annuus has occurred, 
producing the plants known as H. annuus ssp texanus (Rieseberg et al. 1990a, 
Rieseberg et ill.:. 1991). Nuclear RFLPs were involved in demonstrating 
bidirectional introgression between domesticated cotton (Gossypium 
hirsutum) and a wild species G. barbadense (Brubaker and Wendel, 1994). 
rDNA and cpDNA RFLP markers have also been employed together to identify 
the parents of two allopolyploid species; Tragopogon mirus (Soltis & Soltis, 
1991) both of whose parents are introduced, and Senecio cambrensis (Harris & 
Ingram, 1992), of which one parent is introduced. In both cases multiple 
origins of the polyploid were demonstrated. 
Therefore precedents do exist for the use of rDNA markers in studies of 
the present kind. The complexity of the history of R. ponticum since it was 
brought to the British Isles is likely to exceed that of any of the examples cited 
above, and a complete solution would require a far more extensive survey 
than could be attempted here. It was intended that a small number of 
enzyme/probe combinations could be found which would resolve 
polymorphisms which distinguished pure R. ponticum from its hybrids with 
other species such as R. catawbiense, and could thus be used to estimate the 
extent of introgression amongst the naturalised populations. 
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5.1.6. Aims and objectives. 
The aims and objectives of the work reported in this chapter were: 
1) To identify nuclear rDNA RFLP polymorphisms which could be used to 
distinguish R. catawbiense, R. maximum, and R. arboreum and their hybrids 
with R. ponticum from one another and from pure R. ponticum, and which 
would ideally detect introgression from other cultivated species of 
Rhododendron. 
2) To determine the distribution of rDNA markers which indicate 
introgression from other species into R. ponticum throughout all naturalised 
accessions collected from the British Isles and analyse their distribution for 
possible trends. 
3) To record and analyse morphological information from selected naturalised 
populations in Scotland. 
4) To compare the molecular and morphological results from these Scottish 
populations so as to determine whether any correlations occur. 
5.2 Materials and Methods 
5.2.1 Basic methods. 
The molecular results described in this chapter were obtained from a 
survey of ribosomal DNA RFLP variation using the restriction enzymes and 
techniques described in chapter 2. The Triticum aestivum probe pTa71 was 
used throughout the research, and all results were obtained using this probe 
unless stated otherwise. rDNA fragments were sized using the adapted 
spreadsheet described in chapter 2. 
5.2.2. Plant material 
No additional plant material was collected for the rDNA survey_ The 
accessions discussed and described in chapter 3 were used to provide material 
for all species examined. Four accessions of R. catawbiense (accessions 81.0634, 
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34.0114, 80.0046, M.Strate1), two of R. maximum and one of R. arboreum (see 
table 3.2) were examined. A total of 59 accessions of native Iberian material of 
R. ponticum described in chapter 2 was also examined, along with the 260 
British Isles accessions described in chapter 4. Of particular relevance were 83 
accessions collected, along with morphological information, from eight 
populations in Scotland were collected during June 1995. Eight areas were 
selected in Scotland where large populations of naturalised Rhododendrons 
occurred, and between five and fifteen plants were collected from each such 
population. A deliberate attempt was made to collect specimens which 
represented a broad sample of the morphological variation present! and 
therefore the sampling was not entirely random. Brief descriptions of the 
eight populations sampled follow. 
1) Lochranza. A large population (several hundred plants at least) occurred on 
the hillside above the village of Lochranza on the NW side of the isle of 
Arran, NR 923505. The site was dominated by bracken and sparsely wooded, 
giving way to moorland higher up. The age and density of Rhododendron 
plants were observed to decrease with distance from the town. Fourteen 
accessions were collected, labelled Lcr-A to Lcr-N 
2) Knapdale. Populations of R. ponticum occur at three sites along the west 
side of the Knapdale/Kintyre peninsula. These were at Skipness (NR865582), 
near Stonefield (NR859721) and at Ardcastle (NR9492). All were dense 
populations occurring in open habitats. Each population is likely to have 
originated from a separate introduction event. Fourteen accessions in total 
were collected and are labelled Knd-A to Knd-F and Knd-H to Knd-O. 
3) Gaerloch. This population was growing on slopes just above the A832 road 
between Gaerloch and Talladale (NG839720). The accessions were gathered 
from an area where the Rhododendron plants form a dense stand (plate 5.2). 
The population extended several km along the road, but as increasingly 
scattered individuals. Twelve accessions were collected, which were labelled 
Grl-A to Grl-L 
4) Torridon. This was an extensive population just west of the town of 
Torridon (NG876573). The plants occurred abundantly by the roadside, under 
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trees and on some of the moorland slopes above, where they appear to be 
spreading. Fifteen accessions were collected, labelled Tr-A to Tr-O 
5) Loch Katrine. This population was close to the dam at the south end of Loch 
Katrine (NN497071). Plants occurred amongst light oak woodland and ground 
vegetation dominated by Vaccinium myrtillus, but also were spreading into 
nearby boggy areas. Some Rhododendron specimens were observed planted by 
the roadside in the vicinity. The eight accessions collected were labelled Kat-A 
to Kat-H 
6) Killin. Plants of this population occurred both under pine plantation and 
amongst natural boggy woodland, beside the minor road which runs east from 
the town along the south side of Loch Tay (NN574321). The five accessions 
collected were labelled Kil-A to Kil-E 
7) Fife, Craigtoun. The Rhododendron population at this site was in some 
parts very dense and occurred amongst mixed woodland, or formed scrub on 
both sides of a stream for about 2 km (N0467148). At the downstream (eastern) 
end of the population there existed an abandoned walled garden where a 
number of non-invasive exotics such as the ostrich fern Matteucia were 
present. Six accessions were initially collected from this site, labelled FCr-A to 
FCr-F. The seven accessions collected on a further visit (see chapter 4) are not 
considered in this chapter. 
8) Killiekrankie. This population covered a small area ( c. 200 x 50 m) in the 
shade of woodland just opposite a hotel which was observed to have planted 
Rhododendrons in its grounds (NN896611). Rhododendron luteum was also 
observed self-sown amongst this population. The nine accessions collected 
were labelled Kkj-A to Kkj-I 
5.2.3. Recording of morphological characterisitics. 
Three procedures were applied to each plant selected for collection. 
Firstly, dried leaf material was collected for DNA extraction and analysis as 
described in chapter 2. Secondly, a small sample of material was pressed; 
which consisted of two entire flowers, one of which was opened to display the 
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markings on the upper corolla lobe, and two flowers from which the corolla 
had been removed to show in full the calyx and ovary. Finally, a photograph 
was taken of one to several inflorescences to record more accurately the colour 
of the flowers and their markings. The pressed material and one copy of each 
photograph were mounted together on herbarium sheets for ease of reference 
between the two The herbarium sheets are to be deposited at R.B.G. 
Edinburgh. 
Six morphological characteristics were measured or estimated for each 
accession collected, as follows: 
1) Flower size. The longest perianth segment (usually the upper central 
marked one) was measured in millimetres on the two pressed flowers, and an 
average of the two lengths was recorded. 
2) Flower colour. Flowers ranged from pinkish white to deep magenta. A 
scale for ranking the colours of flowers was created by grouping all of the 
photographs taken into sets with the same shade and numbering these from 0 
(pinkish white) to 8 (deep magenta). Samples of each numbered colour shade 
are shown in plate 5.1. 
3) Flower markings. The marking spots on the upper perianth lobes of the 
flowers of naturalised material show a remarkable range of colour variation 
between individuals, from green through yellow and red to deep crimson. 
Green to yellow markings tended to be pale and faint while orange markings 
were usually quite prominent and red to crimson markers were generally also 
strongly expressed unless their shade was pale and that of the corolla dark. The 
colour was recorded when the specimens were collected and checked against 
photographs to ensure concordance between how different populations were 
scored. This characteristic is henceforth referred to as "Markings" or "Marks". 
Table 5.2.1 shows how scores were assigned to the colours observed. 
127 
Plate 5 .1: corolla colour shades 
presen t amongst na turali sed 
Rhododendron ponticum , and 
the assigned scores . 
• I Score: 1 
Score: 
• 
Table 5.2.1. Scores assigned to colours of upper perianth lobe markings in 
flowers on naturalised R. ponticum specimens. 
Colour Score Colour Score 
Green a Pink-orange 5 
Lime 1 Red 6 
Yellow 2 Crimson 7 
Gold 3 Purple 8 
Orange 4 
4) Perianth segment width. The width of the upper perianth segment was 
measured in mm at a point midway along its length. Two pressed flowers 
were measured and the average of the two values was recorded. This character 
is henceforth referred to as "Petal width" or "Width". 
5) Calyx-lobe length. The length was measured, in mm, of the longest calyx 
lobe on each of the calyces clearly visible on each pressed specimen, and an 
average was taken. The resultant value was rounded down to the nearest 
whole number. A value of a therefore indicates that the calyx lobes are of 
insignificant size, which is the condition normal in pure R. ponticum. This 
character is henceforth referred to as "Sepal length" or "Sepals". 
6) Ovary hairiness. The degree of pubescences on the ovaries of each of the 
pressed specimens was examined by eye and scored on a scale which ranged 
from a (completely glabrous) to 8 (densely pubescent). 
5.2.4 Identification of rDNA markers distinguishing other species from R. 
ponticum. 
The variation of rDNA RFLP profiles amongst the species listed in table 
3.1, i.e. all species of subsection Pontica and four other species including R. 
arboreum, was surveyed using 14 restriction enzymes and the ribosomal DNA 
probe pTa71. Enzymes were selected which appeared to show a clear difference 
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between the rDNA profiles of the species used in the creation of the "Hardy 
Hybrids", i.e. R. pontieum, R. eatawbiense, R. arboreum and R. maximum. 
All available native material of R. pontieum from the Iberian Peninsula 
was then examined with the selected enzymes and pTa71, to assess intraspecific 
variation and thus ensure that polymorphisms which appeared to be 
diagnostic for other species did not occur occasionally in pure R. pontieum. 
Following this, all accessions from the British Isles were examined with the 
the selected enzymes and pTa71 to determine their rDNA genotype. 
5.3. Results 
5.3.1 rDNA variation detected. 
Of the fourteen restriction enzymes employed, six (Stul, Smal, BgI2, 
Hind3, Clal and Bell) did not appear to digest the rDNA extracted (only one 
high molecular weight band was present in all extracts), despite the fact that 
three of these enzymes (Bell, BgI2 and CIal) had successfully digested the 
cpDNA of the same extracts. Three four-base cutters (AIul, Hintl and Rsal) 
yielded rDNA profiles consisting of large numbers of bands between which no 
polymorphisms could be identified. EeoRl produced profiles which differed 
between species only in the position of very faint bands, and BamHl produced 
profiles in which the position of one band of high molecular weight was 
polymorphic, but this enzyme was not employed as the profiles it generated for 
R. pontieum, R. eatawbiense and R. maximum were all indistinguishable. 
EeoRV produced profiles in which pure material of R. maximum could be 
distinguished by the absence of two bands (table 5.3.1) and R. arboreum was 
distinguishable from all of subsection P011tiea by the presence of unique 
fragments of 5.72 and 4.65 kb. However R. pontieum and K eatawbiense 
yielded identical profiles, and an additive profile of R. pontieum and R. 
maximum would be indistinguishable from that of pure R. pontieum using 
this enzyme. 
Only two enzymes, Dral and Sstl, yielded rDNA profiles which differed 
between R. pontieum and R. eatawbiense, with the latter species being 
distinguished from the former by the presence of an additional band. In regard 
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to the rDNA profiles generated by Sstl ,R. ponticum and R. catawbiense 
shared a 3.75 kb fragment whereas R. catawbiense produced a 3.95 kb fragment 
which was not present in any of the profiles generated for other species (table 
5.3.1). The 3.75 kb fragment was absent or only faintly visible in R. maximum 
and R. arboreum, and hence neither its presence or absence could be taken to 
be diagnostic. In their Dral rDNA profiles, all four species in question shared a 
band of 4.20 kb, whereas in R. catawbiense alone a band of 4.43 kb was visible, 
and R. arboreum could be identified by the presence of a band of 4.51 kb (table 
5.3.1). The similarity in size between the diagnostic fragments of R. arboreum 
(4.51 kb) and R. catawbiense (4.43 kb) in their respective Dral RFLP profiles 
might make it difficult to determine which species had contributed a fragment 
in this size range to an RFLP profile which otherwise matched R. ponticum, as 
fragment sizes cannot be determined with absolute accuracy. Rhododendron 
arboreum differed from the other three species in that it lacked a fragment of 
5.23 kb, but this characteristic would not in itself be useful in distinguishing 
additive profiles of R. arboreum and R. ponticum from those of R. catawbiense 
and R. ponticum. The Dral rDNA profile of R. maximum differed from that 
of R. ponticum only in that the former possessed an additional fragment of 
6.97 kb; however this fragment's band is not strongly visualised and may be 
masked in additive profiles by a band of 6.79 kb present in R. ponticum, which 
is also weakly visualised. These faintly visible bands may represent fragments 
of which only a small proportion falls within the probe region, or partly or 
wholly within an rDNA region which is comparitively fast-evolving and 
where there is thus weak hybridisation between Rhododendron and Lactuca 
DNA. 
Overall, therefore, no enzyme was found which could confidently 
distinguish pure material of R. ponticum from that which had been 
introgressed by R. maximum, unless the 6.97 kb band could be confidently 
identified, or the presence of rDNA from R. maximum caused fragments 
which are present in pure R. ponticum, but not R. maximum, to not be 
visualised. It was possible that the Dral profiles of material of R. ponticum 
introgressed by R. catawbiense or R. arboreum might also be indistinguishable. 
However, Sstl, had been shown to distinguish the rDNA profile of R. 
catawbiense from both R. arboreum and R. ponticum. Therefore the enzymes 
Dral and Sstl were selected for use in the survey of naturalised accessions. A 
small number of accessions were also examined with EcoRV. The rDNA-types 
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which can be resolved using these enzymes are shown in table 5.3.1. The 
rDNA type "CC" refers to that which is observed in pure material of R. 
catawbiense, and is also what would be expected in an additive profile of R. 
ponticum and R. catawbiense, as the former possesses no bands that are not 
present in the latter. 
Table 5.3.1: rDNA-tY12es in Rhododendron 12onticum! R catawbiense! and R. 
arboreum 
Species/rDNA-type 
R. catawbiense R. arboreum 
R. ponticum R. maximum 
PP PS CC MX RA 
Fragment: 
Sstl 3.75 + + + (+) (+) 
Sstl 3.95 + + 
Dral 4.43 + 
Dral 4.51 + 
Dral 5.23 + + + + 
Dral 6.97 + 
EcoRV 3.42 + + + 
EcoRV 3.95 + + + + 
EcoRV 5.07 + + + 
EcoRV 5.24 + 
EcoRV 5.72 + 
EcoRV 4.65 + 
(+) indicates a weakly expressed fragment. 
A total of 59 accessions of R. ponticum from the Iberian Peninsula 
(appendix 2a) were examined with Dral and Sstl to check for intraspecific 
rDNA variation amongst the pure material of R. ponticum which gave rise to 
the naturalised populations. No variation was found amongst the Dral 
profiles of these accessions. However, two accessions had in their Sstl profiles 
a fragment similar or identical to the 3.95 kb fragment which occurs in R. 
catawbiense; (type "PS", table 5.3.1). 
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This presented a problem in that both the diagnostic fragments of R. 
catawbiense could be mistaken for fragments of another origin amongst 
naturalised material of R. ponticum, and neither Sstl nor Oral alone could 
identify with certainty material of R. ponticum introgressed by R. catawbiense. 
Therefore only if both fragments were detected in an extract would 
introgression from R. catawbiense be hypothesised. Furthermore, if the 
fragments were shown to be highly correlated in their occurrence, then they 
would provide together a reliable marker for the presence of the rDNA of R. 
catawbiense. 
5.3.2 Results from British Isles material 
A total of 260 British Isles accessions were examined with Sstl/pTa71 
and Dral/pTa71. Of these, one extract produced erratic band migration 
distances in both profiles, which were considered to be due to chemical effects 
of the digestion solution on the movement of DNA through the gel rather 
than genuine RFLP differences. This sample was, therefore, excluded from 
analysis. Thus, 147 accessions collected as individuals from the British 
mainland, 29 accessions from SW Ireland and all 83 of those collected from 
eight Scottish populations described in sect. 5.2.2. were successfully examined, 
making a total of 259 accessions surveyed. 
Of these, 228 accessions had Sstl rDNA profiles identical to that of 
rDNA-type PP, the usual type for pure R. ponticum, whereas 29 had a profile 
which included the expression of a 3.95 kb band and could thus be rDNA-type 
PS or CC. The final 2 accessions, UKI04 and UK116, had profiles which 
included two fragments not observed in any of the species mentioned above, 
these were 2.78 and 4.83 kb in size (Fig 5.3.1.). 
With respect to Dral rDNA profiles, 231 accessions expressed only the 
fragments of pure R. ponticum. These included all 228 of those accessions 
which possessed the Sstl rDNA profiles of pure R. ponticum, and these 
accessions were thus determined to have rDNA-type PP. The other three 
accessions which matched R. ponticum in their Oral rDNA profiles were 
amongst the 29 which expressed a 3.95 kb Sstl fragment, and these three 
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Fig. 5.3.1. Nuclear rDNA RFLP profiles generated by UK individual 
accessions 101 - 125. 
Top: RFLP profiles generated USll1g D ra 1 /pTa 71 
Bottom: RFLP profiles generated using Sst 1 /pTa 71 
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accessions were thus identified as having rDNA-type PS. All of the remaining 
26 accessions which expressed the 3.95 kb Sstl fragment also expressed a Oral 
fragment of 4.43 kb, and were therefore determined to possess rDNA-type Cc. 
Accessions UK-I04 and UK-116 expressed one unique fragment of 4.62 kb in 
their Oral rDNA profiles in addition to the typical fragments of type PP. The 
rDNA profiles generated by these two accessions was designated rDNA-type 
QQ (fig. 5.3.1, table 5.3.2». 
Seven extracts expressed a Oral rDNA band which could represent the 
6.97 kb fragment characteristic of R. maximum, but as expected the presence of 
the 6.79 kb band in almost all samples made determination of whether the 
former band was present somewhat subjective. The 6.97 kb band was thought 
to be present in four UK individual samples (UK-46, 93, 110 and 131) and three 
samples collected from Scottish populations of which two were Lcr-N, Grl-L 
and the third, Kat-H, expressed the band almost as strongly as pure R. 
maximum. In none of of these samples did non-expression of any band typical 
of R. ponticum occur. The three Scottish population samples were amongst a 
small set re-examined with the third enzyme, EcoRV, and two of these 
accessions, Lcr-N and Grl-L, had EcoRV rDNA profiles indistinguishable from 
R. ponticum. Kat-H, however, had an EcoRV rDNA profile identical to that of 
R. maximum. Therefore, Kat-H had rDNA-type MX and was considered to 
certainly have R. maximum in its ancestry, but the involvement of R. 
maximum in the parentage of the other six samples is regarded as unproven. 
No other samples had Oral rDNA profiles which indicated a difference from 
R. ponticum. 
Therefore five rDNA types were certainly distinguished amongst the 
naturalised material in the British Isles.. No rDNA evidence has been found 
of introgression from R. arboreum. Accessions assigned the rDNA type PP 
include those for which introgression from R. maximum is unproven. Table 
5.3.2 summarises how the rDNA-types were identified, and table 5.3.3 shows 
how the rDNA-types were distributed amongst the three categories of 
naturalised accessions, and also native material of R. ponticum. 
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Table 5.3.2: rDNA types present in naturalised material of R. ponticum, and 
how they were identified. 
rDNA- Fragments present or absent: EcoRV profile 
-type Sstl Sstl Sstl Oral Oral Oral .matches R. 
3.95 4.93 2.81 4.43/ 6.52 6.97 maximum? 
4.51 
PP ?/- no/unknown 
PS + ?/- no/unknown 
CC + + ?/- no/unknown 
QQ + + + ?/- no/unknown 
MX + yes. 
Table 5.3.3 Numbers of accessions of each rDNA-tY12e found amongst 
naturalised and native accessions of R. ponticum 
rDNA-type 
Category Total PP PS CC QQ MX 
UK Individuals 147 131 0 14 2 0 
Scottish popu1a tions 83 69 1 12 0 1 
SW Ireland 29 27 2 0 0 0 
Native Iberian 57 55 2 0 0 0 
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5.3.3. Morphological variation 
The lengths and scores for the six morphological characteristics 
determined for accessions from Scottish populations are given in table 5.3.4, 
which also shows the rDNA-type for each accession. Table 5.3.5 lists for each 
population the mean score of each character plus its standard error. 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
Table 5.3.4: rDNA-type and morphological characteristic scores for accessions 
collected from eight Scottish populations. 
rDNA Corolla Corolla Corolla Petal Sepal Ovary 
Population/ -type length colour lobe width length hair-
sample (mm) markings (mm) (mm) iness 
Craigtoun 
FCr-A pp 33 6 2 9.5 0 0 
FCr-B pp 31 5 5 9 2 0 
FCr-C pp 35 5 5 14 6 0 
FCr-D CC 35 5 0 15 2 8 
FCr-E pp 30 6 6 8.5 0 1 
FCr-F pp 35 6 3 11 0 2 
Killin 
Kil-A pp 37 5 2 13 3 1 
Kil-B CC 39 7 1 14 0 3 
Kil-C pp 36 6 0 16 0 0 
Kil-D pp 34 5 4 14 1 0 
Kil-E CC 39 7 6 14 6 2 
Loch Katrine 
Kat-A pp 35 4 8 13 0 1 
Kat-B pp 33 3 5 10 0 2 
Kat-C pp 34 4 5 15 0 0.5 
Kat-D pp 39 5 5 13 0 0 
Kat-E pp 34 5 6 12 0 0 
Kat-F pp 36 1 4 11 2 1 
Kat-G pp 35 1 4 11 2 0 
Kat-H MX 39 2 3 19 7 0 
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Table 5.3.4 contd. 
rDNA Length Colour Markings Width Sepals Ovary 
Killiekrankie 
Kkj-A CC 39 3 3 15 0 1 
Kkj-B CC 38 6 1 16 0 2 
Kkj-C pp 36 0 1 15 3 0 
Kkj-D pp 34 7 5 12 1 0 
Kkj-E pp 40 3 4 13 0 0 
Kkj-F pp 33 5 0 11 0.5 0 
Kkj-G pp 44 8 5 14 4 0 
Kkj-H pp 40 0 1 18 3 8 
Kkj-I pp 31 4 3 13 3 1 
Gaerloch 
Grl-A pp 30 3 4 10 1 6 
Grl-B pp 32 7 5 14 0 5 
Grl-C pp 28 8 6 9 0 4 
Grl-D CC 34 6 4 11 0 7 
Grl-E CC 35 6 7 11 0 2 
Grl-F pp 37 6 4.5 11 0 4 
Grl-G CC 34 3 4.5 11 0 0 
Grl-H CC 34 8 8 12 1 0 
Grl-I CC 31 6 5 14 0 0 
Grl-J CC 29 8 5 8 0 0 
Grl-K pp 29 5 3 10 0 0 
Grl-L pp 40 3 3 14 5 0 
Lochranza 
Lcr-A pp 36 6 5 12 1 4 
Lcr-B pp 36 4 4 11 0 3 
Lcr-C pp 36 6 7 14 2 3 
Lcr-D pp 29 8 6 10 6 0 
Lcr-E pp 27 4 3 8 0 3 
Lcr-F pp 38 6 4 13 0 2 
Lcr-G pp 34 7 5 11 1 1 
Lcr-H pp 39 6 5 13 1 1 
Lcr-I pp 38 6 4 11 1 0 
Lcr-J pp 35 7 6 13 0 0 
Lcr-K pp 36 6 7 13 0 0 
Lcr-L pp 30 7 8 11 0 0 
Lcr-M pp 38 4 4 11 0 0 
Lcr-N pp 38 4 5 13 0 0 
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Table 5.3.4 contd. 
rDNA Length Colour Markings Width Sepals Ovary 
Kna12dale1 
Knd-A PP 33 2 4 12 0 0 
Knd-B PP 43 7 6 15 0 1 
Knd-C PP 30 8 6 13 0 3 
Knd-D PP 32 1 4 12 2 1 
Knd-E PP 35 5 6 11 0 1 
Knd-F PP 34 7 3 11 0 1 
Knd-H PP 34 3 2 12 1 2 
Knd-I PP 30 1 3 10 1 0 
Knd-J PP 36 2 3 13 0 0 
Knd-K PP 39 5 4 14 1 1 
Knd-L PP 29 2 3 11 1 1 
Knd-M PP 33 7 4 12 2 2 
Knd-N PP 29 7 6 10 1 0 
Knd-O PP 29 4 3 13 3 1 
Torridon 
Tr-A PP 36 7 5 12 0 0 
Tr-B PP 29 6 4 11 1 0 
Tr-C PP 29 7 4 12 2 0 
Tr-D PS 35 5 4 14 1 0 
Tr-E PP 37 7 7 13 2 0 
Tr-F PP 34 6 4 11 0 0 
Tr-G CC 37 5 2 13 0 0 
Tr-H PP 38 3 4 13 0 0 
Tr-I PP 36 7 5 11 0 3 
Tr-J PP 38 3 4 14 1 2 
Tr-K PP 30 7 7 10 1 0 
Tr-L PP 35 7 3 12 1 2 
Tr-M PP 43 5 8 16 0 0 
Tr-N PP 30 5 7 9 0 0 
Tr-O PP 36 4 5 12 0 2 
1: There is no sample G for the Knapdale population. 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
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Table 5.3.5: Mean and standard errors for floral morphological characters 
recorded for eight Scottish populations of Rhododendron ponticum. 
Corolla Length Corolla colour Corolla lobe 
(mm) markings 
Mean SE Mean SE Mean SE 
Craigtoun 33.2 + 0.91 5.5 + 0.22 3.5 + 0.92 
Killin 37 + 0.95 6.0 + 0.45 2.6 + 1.08 
Loch Katrine 35.6 + 0.80 3.13 + 0.58 5.0 + 0.54 
Killiekrankie 37.2 ± 1.36 4.0 + 0.94 2.56 + 0.63 
Gaerloch 32.8 + 1.04 5.75 ± 0.55 4.92 + 0.43 
Lochranza 35 ± 1.00 5.79 + 0.35 5.21 + 0.38 
Knapdale 33.3 + 1.09 4.36 ±0.68 4.07 + 0.37 
Torridon 34.9 ± 1.01 5.6 + 0.38 4.87 + 0.43 
Overall 34.7 + 0.41 5.05 ±0.22 4.33 + 0.20 
Corolla lobe Sepals Ovary 
width (mm) length (mm) hairiness 
Mean SE Mean SE Mean SE 
Craigtoun 11.2 + 1.12 1.67 + 0.95 1.83 + 1.28 
Killin 14 ± 0.42 2.0 + 1.14 1.2 + 0.58 
Loch Katrine 12.8 + 1.03 1.38 + 0.86 0.56 + 0.26 
Killiekrankie 13.9 ± 0.71 1.61 + 0.54 1.33 + 0.87 
Gaerloch 11.1 + 0.53 0.58 ± 0.42 2.33 + 0.78 
Lochranza 11.6 + 0.42 0.86 + 0.43 1.21 + 0.39 
Knapdale 12 + 0.37 0.86 + 0.25 1.0 + 0.23 
Torridon 12.1 + 0.43 0.6 + 0.19 0.6 + 0.27 
Overall 12.2 + 0.22 1.03 ± 0.18 1.22 + 0.20 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
Corolla length ranged from 27 to 44 mm, which is smaller than the 
recorded range for Iberian material, which is 30-60 mm (Popova, 1972; Gomez, 
1993; Cabeduzo, 1987). Values of 5, 6 or 7 were most common for corolla 
colour, indicating that deep pink flowers, of a shade similar to that common in 
native material (pers. obs.) were most frequent; it is thus noteworthy that the 
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Killiekrankie, Loch Katrine and Knapdale populations have average scores 
below 5. The commonest marking score was 4 (orange) while marking scores 
at either end of the scale (0 or 8) were rarest. There is considerable variation in 
population mean scores for this characteristic, from 2.6 (golden-yellow) in 
Killiekrankie to 5.21 (approaching red) in Lochranza (fig 5.4.1a). The variation 
in corolla lobe width was striking, as lobes from 8 to 19 mm wide were 
encountered; however values between 11 and 14 mm were found in over two 
thirds of accessions, and the population means always fell within this range. 
In regard to both sepal length and ovary hairiness, about half (respectively 42 
and 44 of 83) of the accessions had values of 0, and in both cases the next most 
frequent values were, in order, 1, 2 and 3. The lowest population average for 
both characters was 0.6 from the Torridon population; the highest mean sepal 
length was 2.0 (Killin), and the highest mean ovary score was 2.33 (Gaerloch). 
In addition to the characteristics recorded, it was also noted that 
specimens varied in the proportion of corolla lobe to tube length, in the 
viscosity of the inflorescence rhachis and pedicels, and that occasionally 
individuals were found with more than 5 corolla lobes. Plate 5.2 shows the 
variation in flower colour which may be present in a single population, and 
plates 5.3-5.5 illustrate specimens with morphological characteristics which do 
not occur in native Iberian Rhododendron ponticum. 
5.4 Discussion 
5.4.1 Possible nature and origin of the rDNA-types detected among naturalised 
material of R. ponticum 
26 of the 29 accessions of naturalised R. ponticum which possessed the 
3.95 kb Sstl rDNA fragment also possessed a Dral rDNA fragment of about 4.43 
kb. A 2 x 2 Chi-squared test on the possibility of these two fragments' 
occurrence being independent amongst British Isles material produced a Chi2 
value of 226.4 (the critical value, for a 2-tailed test at the 1 % level, 1 degree of 
freedom, is 7.88); hence the two fragments are very closely associated in their 
occurrence. 
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Plate 5.2: vanatlon in flower colour amongst naturalised Rhododendron 
ponticum at Gaerloch, W. Scotland. 
Plate 5 .3: Accession Lcr-D from Lochranza, Arran, showing long calyx 
lobes and pubescent ovaries indicative of introgression. 
Plate 5.4 : Accession Tr-A from Loch Katrine, Scotland, showing cnmson 
flower markings . The ovary has very sparse white pubescence . 
Plate 5.5: Accession Grl -B from Gaerloch, W. Scotland, one of a small 
number of individuals noted with more than 5 corolla lobes. 
Three possible explanations are possible for the very close association 
observed between the presence of these two restriction fragments. Firstly, the 
fragments might be independent, and in all cases CC types in naturalised 
material indicate first generation hybrids between R. ponticum and R. 
catawbiense, in which the rDNA profiles are additive. If this were the case, 
however, an equally strong correlation would be found between these 
molecular characters and morphological markers from R. catawbiense, and no 
such correlation was found (section 5.4.4 below). The second possibility is that 
the fragments are closely associated in their occurrence by some genetic 
mechanism. For example, rDNA-type CC might differ from type PP by the 
presence or absence of one Oral and one Sstl restriction site, and these sites 
might occur very close together on the DNA. The third explanation is that the 
Oral 4.43 and Sstl 3.95 kb fragments could result from the same 
polymorphism. The Oral fragment is 0.23 kb larger than a 4.20 kb fragment 
present in both R. ponticum and R. catawbiense, and similarly the Sstl 
fragment is 0.20 kb larger than a 3.75 kb fragment shared between R. ponticum 
and R. catawbiense. Therefore a possible hypothesis for the nature of the 
polymorphism between the two species is that the portion of rDNA which 
gives rise to the 4.20 kb Oral and 3.75 kb Sstl fragments is constant in length in 
R. ponticum, but exists in two length forms in R. catawbiense, one of which is 
similar in length to the corresponding portion in R. ponticum and the other of 
which is 0.20-0.23 kb longer. 
The presence of the CC rDNA-type in R. ponticum is taken to indicate 
introgression from R. catawbiense. However, as no individuals known to be 
Fl or F2 offspring of crosses were examined in this study, it cannot be 
determined for certain how the diagnostic fragments of R. catawbiense would 
behave in hybrids with, or backcrosses towards, R. ponticum. rDNA RFLP 
profiles which contain the bands of only one parent have sometimes been 
observed in Fl offspring (Zimmer et ill:., 1988; Harris & Ingram, 1992; Fabijanski 
et al. 1990). The possibility also exists that concerted evolution of the rDNA 
genome in generations following introgression might affect the occurrence of 
the portions of rDNA acquired from R. catawbiense, possibly reducing their 
frequency. Therefore the proportion of R. catawbiense genetic material 
amongst the naturalised populations of R. ponticum cannot be deduced with 
certainty from the proportion of CC types. 
140 
The inheritance of allozyme markers in cultivated Rhododendron 
hybrids involving between 4 and 14 species has been demonstrated to follow 
simple Mendelian patterns (Krebs, 1996). If Mendelian inheritance also 
applied to the rDNA characters, then the 4.20 kb Dral and 3.75 kb Sstl 
fragments might be considered to behave as a single character, with R. 
catawbiense always homozygous for its presence and R. ponticum for its 
absence. From this, all Fl hybrids would be heterozygous and display a CC 
phenotype, and subsequent generations would display the CC phenotype in a 
proportion of individuals equal to twice that of the proportion of R. 
catawbiense genetic material in their genome. Thus if the Mendelian 
hypothesis is correct, then the overall proportion of R. catawbiense genetic 
material amongst the British Isles' R. ponticum material would be half the 
observed frequency of CC types, i.e. just over 5% (Table 5.4.1). 
Table 5.4.1 Numbers of PP, PS and CC rDNA-types, and proportions of CC 
types, amongst the three categories of naturalised British Isles material of R. 
ponticum. 
rDNA-type: Proportion Proportion 
Category TotaP PP PS CC ofCC types xl/2 
UK Individuals 145 131 0 14 0.0966 0.0483 
Scottish 
popula tions 82 70 1 12 0.1463 0.0731 
SW Ireland 29 29 2 0 0 0 
Total 254 228 3 26 0.1016 0.051 
1: Excluding QQ and MX rDNA-types. 
The proportion of CC types amongst the Scottish popula tions is higher 
than that amongst individual UK accessions (table 5.4.1), however, this is due 
to the high number of CC types present in a single population (Gaerloch; see 
below). 
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In contrast to the findings for rDNA, only two accessions of naturalised 
R. ponticum from the 260 examined, had the cpDNA haplotype of R. 
catawbiense. Thus the proportion of individuals which show introgression 
from R. catawbiense in their rDNA is 13 times greater than the proportion 
showing introgression in their cpDNA. It is concluded, therefore, that the 
proportion of R. catawbiense cpDNA types in naturalised R. ponticum is thus 
considerably smaller than would be expected from the rDNA data. This 
discrepancy is best explained by the possibility that R. ponticum is favoured as 
the maternal parent in crosses with R. catawbiense or backcrosses to such 
hybrids. This could be due to a preference for R. ponticum as seed parent by 
plant breeders, or a biological factor favouring R. catawbiense as the pollen 
parent; for example, it could be because naturalised populations tend to acquire 
R. catawbiense genetic material by pollination from individuals in cultivation. 
Of the two individuals which possessed a R. catawbiense cpDNA type 
one, FCr-D, also had both the CC rDNA genotype and morphological 
characteristics clearly indicating R. catawbiense (see table 5.3.4 above and 
section 5.4.4 below); this individual could in fact be a pure individual of R. 
catawbiense. The second individual, UK-144, did not possess the CC rDNA-
type, which must have been lost from it since the introgression event with R. 
catawbiense. The simplest explanation for this is that introgression from R. 
catawbiense took place several generations ago and the rDNA of R. 
catawbiense was lost by concerted evolution through subsequent generations. 
Apart from the rDNA-types of R. ponticum, R. catawbiense and R. 
maximum, only one other rDNA-type was detected, labelled "QQ". The profile 
of this type did not match that of any species examined, and therefore its 
identity could not be determined. It is worth noting, however, that one of the 
two accessions which possess this rDNA-type, UK-116, also possessed a cpDNA 
haplotype, QA, of unknown taxonomic origin (see chapter 3). It is therefore 
reasonable to assume that rDNA type QQ and cpDNA type QA are derived 
from the same species. The fact that this species has been clearly detected in 
the parentage of two accessions from very different localities (The Lake District 
and Glenshee, E. Scotland) makes it more probable that the species in question 
is one which has been deliberately crossed with R. ponticum. It is less likely, 
with so many Rhododendron species in cultivation that chance introgression 
would have occurred from the same cultivated species in two separate events. 
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5.4.2 Geographical distribution of rDNA variation 
Individual UK accessions were divided into groups by area as in chapter 
2, so as to analyse the geographical distribution of rDNA-types and determine 
whether cc types were significantly commoner than average in any area or 
population. A similar technique was employed to that used in the previous 
chapter to analyse the distribution of cpDNA haplotypes. The three accessions 
with rDNA-types indicating the influence of a species other than R. ponticum 
or R. catawbiense, i.e. type QQ or type MX, were excluded from the analysis. 
The proportion of CC rDNA types over all individual UK samples 
examined (table 5.4.1) was 14/145 or 0.097. This proportion was taken as the 
null hypothesis in a statistical test aimed at determining whether the 
proportion of CC types was significantly high in any given area. For each area 
the probability of the observed number, a greater number, and a lesser number, 
of CC types occurring by chance was calculated using the binomial distribution 
(table 5.4.2). A similar analysis was performed on the Scottish population 
samples, taking the same proportion (0.097) as a null hypothesis. The results 
were treated as a one-tailed statistical test at the 5% level to test whether CC 
types were commoner in any area than overall. For a proportion of 0.097, 
sample sizes of 30 or more would be necessary to prove statistically that CC 
types were rarer than average in any region. The probability of the observed 
result (no Cc types amongst 29 accessions) occurring amongst the Irish 
material (5.3%; table 5.4.2) illustrates this point. Finally, a 2-tailed, observed 
versus expected Chi-squared test at the 5% level was conducted on the data sets 
for individual UK accessions, and for Scottish population accessions, to 
determine whether the overall distribution could be shown not to be uniform 
(table 5.4.2). 
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Table 5.4.2: Occurrence of CC rDNA-t~es in naturalised ,l2o,l2ulations of R. 
,l2onticum in the British Isles. 
Probability of finding: 
Area Total CC (less) (equal) (more) 
UK Accessions 
W. Scotland 28 3 48.4 23.3 28.2 
Scottish Islands 6 2 89.2 9.3 1.5 
Knapdale 8 0 0 44.4 55.6 
E. Scotland 22 5 95.4 3.9 0.7 
Fife & Lowlands 13 0 0 26.7 73.3 
N. England 11 1 32.7 38.4 28.9 
Lake district 10 1 36.2 38.7 25.1 
Wales 14 1 24.1 36.1 39.8 
E. Anglia 7 0 0 49.1 50.9 
S. England 8 0 0 44.4 55.6 
SE England 18 1 14.5 30.9 44.6 
Ireland 29 0 5.3 94.7 
Scottish 
,l2o,l2ula tions 
Craigtoun 6 1 54.4 34.9 10.7 
Killin 5 2 92.3 6.9 0.8 
Loch Katrine 7 0 0 49.1 50.9 
Killiekrankie 9 2 78.7 16.5 4.8 
Gaerloch 12 6 99.96 0.04 0.00 
Lochranza 14 0 0 24.1 75.9 
Knapdale 14 0 0 24.1 75.9 
Torridon (1) 15 1 16.0 31.3 52.7 
Chi-Squared results: 
Deg.Fr. Chi2 Critical value (2-tailed 
test, at 5% level) 
Individuals (UK) 10 11.296 20.48 P>0.05 
Scottish Populations 7 18.60 16.01 P<0.02 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
144 
5.4.2.1 Variation amongst Scottish populations 
The Chi-squared value of 18.6 amongst Scottish populations is 
significant at the 2% level (table 5.4.2) and shows that the proportion of CC 
types is not randomly distributed amongst populations in Scotland (table 5.4.2). 
However, if the analysis is repeated excluding the Gaerloch population (see 
below), then the Chi-squared value drops to 11.24 with the critical value 
becoming 14.45. Therefore no statistical evidence exists that any population 
other than Gaerloch has an abnormal proportion of CC types. 
The results show that the Gaerloch population certainly has a much 
higher proportion of CC types, 6 out of 12, than might be expected by chance. 
This population therefore has a higher proportion of R. catawbiense in its 
ancestry than is normal for material in the British Isles generally. If the 
hypothesis of simple Mendelian inheritance for this marker (discussed above) 
is correct, then the plants have, on average, 25% R. catawbiense in their 
ancestry. Curiously, no R. catawbiense cpDNA types were found in this 
population, whereas the only population in which an individual with R. 
catawbiense cpDNA was found (Craigtoun) had just one CC rDNA type out of 
six. For Craigtoun material the molecular results, although limited in extent, 
suggest that the presence of an apparently pure individual of R. catawbiense 
has not been associated with the spread of R. catawbiense nuclear genes 
through the population in general. If the high proportion of CC types in 
Gaerloch resulted from the original population here containing pure 
individuals of R. catawbiense, then these were not favoured as the maternal 
parents. 
Further evidence concerning the history of the Gaerloch population is 
provided by the morphological characteristic of ovary hair, which is thought to 
indicate introgression from R. catawbiense into R. ponticum. The Gaerloch 
population has the highest mean score, 2.33, for this character of any 
population examined (see table 5.3.5). This is further evidence, therefore, of an 
unusually high level of introgression from R. catawbiense. Conversely, 
however, individuals possessing the "pure" PP rDNA-type have, on average, 
hairier ovaries than those with CC rDNA-types (table 5.4.3). 
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Table 5.4.3: Ovary hair values for PP and CC rDNA types within the Gaerloch 
population. 
PPrDNA type 
Accession 
Grl-A 
Grl-B 
Grl-C 
Grl-F 
Grl-K 
Grl-L 
Mean 
Ovary hairiness 
score 
6 
5 
4 
4 
o 
o 
3.17 
CCrDNA type 
Accession 
Grl-D 
Grl-E 
Grl-G 
Grl-H 
Grl-I 
Grl-J 
Ovary hairiness 
score 
7 
2 
o 
o 
o 
o 
1.5 
This discordance between the occurrence of two independent markers 
indicating introgression from the same species appears to indicate that the 
introgression happened several generations ago, a possibility discussed further 
in section 5.4.4. Taken overall, the evidence appears to indicate that the 
Gaerloch population has existed in some form (ie cultivated or naturalised) for 
several generations, and that either the planted individuals which founded it 
were hybrids containing a large proportion of R. catawbiense in their genomes, 
or that pure individuals of R. catawbiense amongst the original plantings 
contributed nuclear, but not cytoplasmic DNA, to future generations. 
5.4.2.2: Comparison of molecular results between regions on the British 
mainland based on a survey of UK accessions. 
There was no evidence that the distribution of CC rDNA types between 
regions of the UK is non-random (table 5.4.2; Chi2=11.30, P>0.05). However, 
the binomial analysis showed that the number of plants with a CC rDNA-type 
(5 of 22) in the East Scotland area was significantly greater than expected at the 
5% level. The proportion of CC types amongst accessions surveyed from this 
area was 0.227, more than twice the average over all accessions. The one 
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individual UK accession found to have a R. catawbiense cpDNA type (but not 
rDNA type), UK-144, also occurred in this area and had this been included in 
the analysis (i.e. taking all accessions showing molecular introgression from R. 
catawbiense as a single category) then the proportion in E. Scotland becomes 
6/22, which has a 2.1 % probability of occurring by chance. This, therefore, 
appears to strengthen the statistical evidence that plants introgressed by R. 
catawbiense are more common in E. Scotland than elsewhere in the UK. 
All of the 22 accessions collected from E Scotland were, as far as could be 
determined, collected from separate populations which originated from 
different plantings. Therefore, the high proportion of CC types in this area 
does not result from the planting of a large number of plants resembling R. 
catawbiense in a single site. Instead, it represents a trend throughout the area, 
for which two explanations are possible. The first is that CC types, and 
therefore plants showing a greater than average level of introgression from R. 
catawbiense, are at a greater selective advantage in the E. Scotland area than 
elsewhere. The second explanation is that the trend results entirely from 
human effects; for example, cultivated material supplied to this area may by 
chance have contained a greater proportion of CC types, or growers in this 
region may have had a preference for specimens with a greater proportion of 
R. catawbiense in their ancestry. The two hypotheses may be combined to give 
a third possible explanation, which is that plants with a greater proportion of 
introgression from R. catawbiense were preferentially selected by breeders 
and/ or growers in the E. Scotland area because they were more hardy in the 
area. Therefore, it is likely, but not certain, that a fitness difference between CC 
and PP types is at least part of the reason for the high proportion of CC types in 
E. Scotland. 
The results from the cpDNA survey (Chapter 4) support the idea that R. 
ponticum is the only Rhododendron species capable of aggressively 
naturalising in the British Isles, and thus it is reasonable to assume that it is 
better adapted to the wild environment in these islands than any other 
Rhododendron species. However, individuals of R. ponticum which have 
gained traits from other species through introgression may be at a selective 
advantage over pure materiat particularly in certain parts of the British Isles, 
e.g. E. Scotland. This possibility is given further consideration in Chapter 7. 
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5.4.2.3 Molecular results for Irish material. 
The probability of finding no plants of rDNA-type CC amongst 29 
randomly sampled accessions from Ireland, was 5.3%. As previously 
mentioned, a larger sample size would be required to give a value potentially 
less than 5%, and, therefore, it cannot be shown from this data that CC types, 
and thus introgression from R. catawbiensel is less common in Ireland than on 
the British mainland. However, it should be noted that neither the cpDNA 
nor rDNA survey of variation has provided molecular evidence that 
introgression from R. catawbiense has affected the Irish populations of 
naturalised R. ponticum. 
The proportion of the rare rDNA-type of pure R. ponticum, PSI is, 
however, unusually high in Ireland, with two of 29 accessions possessing this 
rDNA-type. In contrast, none of the 131 individual UK accessions exhibiting 
R. ponticum rDNA-types showed the PS rDNA-type. The probabilities of the 
observed distributions occurring by chance were calculated using the binomial 
distribution (table 5.4.4) as the expected values for PS types were too low to 
employ a Chi-squared test. The calculated probabilities were 0.0319 comparing 
UK individual accessions to Irish ones, and 0.0408 comparing all UK accessions 
to those from Ireland (table 5.4.4). As the test should be regarded as two-tailed, 
these probabilities were slightly too high to represent a significant result, and a 
difference in the frequency of PS types between British and Irish material is 
thus not proven. 
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Table 5.4.4: Binomial tests on the proportions of the two rDNA-types, PP and 
PS, in British and Irish material of pure R. ponticum 
Individual UK accessions 
Ireland 
All UK accessions 
Ireland 
Haplotype 
PP PS 
value 
131 0 
27 2 
200 1 
27 2 
Probability 
0.0319 
0.0408 
Amongst native Iberian material of R. ponticum, the PS rDNA-type was 
found in one accession from Spain (HS2) and one from S. Portugal (HK1). 
Thus the possibility of an unusually high proportion of PS types in Ireland 
does not provide any information regarding the exact source of the material 
there. It might, however, suggest that Irish material could be derived from 
different cultivated stock, which happened to contain a high proportion of PS 
types, to that which gave rise to naturalised UK material. Otherwise, it could 
be the result of a genetic bottleneck event during its introduction to cultivation 
in Ireland, if only a small number of individuals founded the cultivated 
popula tion there. 
5.4.2.4: Is introgressed R. ponticum more frequent in northern parts of the 
British Isles? 
The results regarding the E. Scotland region suggested that CC types 
might be more common overall in northern regions of the British Isles. To 
examine this in more detail, the individual UK accessions were grouped into a 
northern category, which included accessions from Scotland and N. England 
(including the Lake District), and a southern category which included Wales 
and the southern regions of England (table 5.4.5). 
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Table 5.4.5: Division of regions into northern and southern groupings 
Area 
W. Scotland 
Scot. Islands 
Knapdale 
E. Scotland 
Fife & Lowlands 
N. England 
Lake district 
Wales 
E. Anglia 
S. England 
SE England 
Total no. of 
accessions 
28 
6 
8 
22 
13 
11 
10 
14 
7 
8 
18 
number of CC Grouping 
rDNA-types 
3 Northern 
2 Northern 
0 Northern 
5 Northern 
0 Northern 
1 Northern 
1 Northern 
1 Southern 
0 Southern 
0 Southern 
1 Southern 
The proportions of CC types in each category was calculated, and a 2x2 
Chi Squared test (including Yates' correction) was performed to test whether 
there was a significant difference in the proportion of CC types in northern and 
southern Britain (table 5.4.6). 
Table 5.4.6: Chi-squared tests on proportions of CC types in groupings. 
Northern Half 
Southern half 
Total CC types 
86 
45 
12 
2 
01 Chl·2 /oage 
CCtype 
12.2 
4.3 
1.90 
Critical 
value (5%) 
5.02 
Although CC types appeared to be nearly three times more common 
amongst accessions from northern than southern Britain (table 5.4.5), the 
difference was not found to be significant. The probability of twelve or more of 
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the fourteen CC types occurring by chance in the northern half of Britain was 
calculated, using the binomial distribution, as 0.177. 
5.4.3 Analysis of morphological variation 
5.4.3.1 Overall variation 
The morphological variation observed within and among the eight 
populations collected from Scotland was considerable. Flower colour ranged 
from very pale pink (never white) to deep magenta, whereas upper lobe 
markings, although usually ranging from gold to red, were in some accessions 
yellow, green or deep crimson. About half the accessions had glabrous ovaries, 
as is normal for native R. ponticum (Chamberlain, 1982); the ovaries of the 
remaining accessions ranged from sparsely to densely hairy. Similarly half the 
accessions had no calyx lobes over 1 mm long and the other half had lobes 
ranging from 1 to 7 mm long, whereas Iberian native material has calyx lobes 
seldom exceeding 1 mm (sect. 5.1.1). The width of the upper corolla lobe 
varied from 8 to 19 mm, and this character seemed to be linked to the relative 
lengths of the corolla tube and lobes. Corolla length varied from 27 to 43 mm, 
while corolla lengths in native Iberian material are recorded as 40-60 mm 
(Popova, 1972; Gomez, 1993) or 40-50 (rarely to 60) mm (Cabeduzo, 1987); 
lengths of 35-50mm (Chamberlain, 1982) and 30-50 mm (Davidian, 1992) are 
recorded for all material of R. ponticum. Flower markings on native plants 
are generally in the range yellow to orange (Curtis, 1803; Stevens; 1978; 
Chamberlain, 1982), but ranged from faint green to crimson in naturalised 
material. Corolla colour in native Iberian material is variable, ranging from 
pink (score 2) to purple (score 6), although the darker colours are more 
common (Chamberlain, 1982; F. Sales, pers. comm; pers. obs.). Although 
white-flowered individuals occasionally occur at least in Turkey (Cox & 
Hutchinson, 1963), and were used in breeding in the British Isles (see 5.1.1), 
these would appear to be albinos in which all pigment is lost, and it is unlikely 
that these are represented to any extent in the continuous variation observed 
in naturalised material. 
Not all characters examined can be considered to be normally 
distributed. The length and width characters, which consist of simple 
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measurements, certainly appeared to follow a normal distribution, as did, 
approximately, the shade of corolla colour as measured by the scale used. 
Furthermore, the scale used for flower colour markings also seemed to 
approximate a normal distribution, with the lowest and highest scoring 
colours (respectively green and crimson) being least common whereas 
intermediate scores (shades of orange) were most common. However, scores 
for the ovary and sepal characters were certainly not normally distributed as in 
both cases over half the values were zero. Although these last two 
characteristics were analysed with the others, correlations between them and 
the other characters were not tested statistically. 
5.4.3.2 Are there morphological differences between populations of naturalised 
R. ponticum in Scotland? 
A one-way analysis of variance was performed on the data in table 5.3.4, 
for each of the six characteristics (table 5.4.7) measured on material of eight 
Scottish populations of naturalised R. ponticum to test whether differences 
exist between the morphological characteristics of dfferent populations. 
Table 5.4.7: Means of floral characters in eight Scottish populations of R. 
ponticum. 
Craigtoun 
Killin 
Loch Katrine 
Killiekrankie 
Gaerloch 
Lochranza 
Knapdale 
Torridon 
For one-way anova: 
Corolla 
Length 
33.2 
37 
35.6 
37.2 
32.8 
35 
33.3 
34.9 
F (7 deg. fr.) 1.99 
Corolla 
Colour 
5.5 
6 
3.13 
4 
5.75 
5.79 
4.36 
5.6 
2.84 
Marking 
Colour 
3.5 
2.6 
5 
2.56 
4.92 
5.21 
4.07 
4.87 
3.67* 
Lobe 
Width 
11.16 
14 
12.8 
13.9 
11.1 
11.6 
12 
12.1 
2.81 
Sepal 
length 
1.67 
2 
1.38 
1.61 
0.58 
0.86 
0.86 
0.6 
0.96 
Ovary 
hairiness 
1.83 
1.2 
0.56 
1.33 
2.33 
1.21 
1 
0.6 
1.17 
The critical value for F, at the 5% level, is 3.1; * indicates a significant value at this level. 
-------------------------------------------------------------------------
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Fig 5.4.1a: Mean, with confidence limits, for upper corolla lobe marking 
colour scores in eight Scottish populations. 
Population 
Torridon 
Kllapdale 
Lochranza 
----I 
Gaerloch ..mmiil 
Killiekrankie 
Loch Katrine 
Killin 
CraigtoUll 
o Green 2 4 6 Crimson 8 
Corolla marking colour score 
Fig 5.4.1b: Mean width, with confidence limits, of upper corolla lobes 
in eight Scottish populatioons. 
Population 
Torridon - :~:~:~:~:}}~{{{:}}~{{{{{{:}P41 ~ 
Lochranza - ~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~8+~1  
G aer loch - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~i~: ~: ~: ~: ~: ~: ~: ~ ---I 
Killi ekrankie - ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~; ~; ~; ~; ~; ~; ~~ 1----1 
Loch Katrine - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~: ~: ~: ~:~: ~: ~:~:~: ~: ~: ~: ~: ~: ~: ~~--------t 
7.5 10 12.5 15 
Corolla lobe width (mm) 
Flower marking colour was the only character be shown to vary 
significantly between populations (table 5.4.7). The Lochranza population had 
the highest mean value for this character, 5.21, which indicates that on average 
the floral markings were somewhere between orange and scarlet and varied 
over the 14 accessions sampled from gold to purple. The Killiekrankie 
population exhibited the lowest mean value for this character, 2.56, indicating 
an average marking colour between yellow and gold; markings amongst the 9 
accessions collected at this site ranged from green to red-orange. The means 
and confidence ranges of the markings scores for each population are shown in 
fig.5.4.l. The F values for both petal width (table 5.4.7) and flower colour were 
close to the critical value, which suggests that interpopulation variation might 
exist, and for these two characters might be demonstrated if sample size was 
increased and the observed trends were repeated. 
Fig 5.4.2a shows how individuals from the Gaerloch and Lochranza 
populations (cross symbols) tend to have low petal width values and high 
marking scores (i.e. markings orange to red) while those from Killin and 
Killiekrankie (solid symbols) tend towards the other end of both scales. Fig 
5.4.2b shows how individuals from three populations appear to show different 
trends in corolla and marking colour. 
Low F values were recorded for sepal length and ovary hairiness; 
however, as these characters were not normally distributed, an ANOVA may 
not accurately test the distribution of the observed variation. For these two 
characteristics, values of 0 were assumed to represent the normal state for pure 
R. ponticum, and values above 0 to show evidence of introgression. Therefore 
an analysis was conducted for these two characters dividing accessions into 
categories of scores of 0, and scores above O. Following this, Chi-squared values 
were calculated to determine whether either character was non-randomly 
distributed between populations (tables 5.4.8 a & b). In addition, the probability 
of the proportions of each category within a popUlation occurring by chance 
was calculated, using the binomial distribution, and the overall proportion for 
each character in turn (tables 5.4.8.a & b). 
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Fig. S.4.2a. Plot of corolla lobe width against corolla marking colour 
values for accessionls from four Scottish populations. 
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Fig 5.4.2b: Plot of corolla colour and upper corolla lobe marking 
colour scores for accessions from three Scottish populations. 
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Table 5.4.8a: Occurrence of calyces with and without lobes ("sepals") 1 mm and 
over in eight Scottish populations. 
Sepal Length 
Total 0 1-8 Proportion Probability 
Craigtoun 6 3 3 0.5 0.31 
Killin 5 2 3 0.4 0.29 
Loch Katrine 8 5 3 0.675 0.24 
Killiekrankie 9 3 6 0.33 0.14 
Gaerloch 12 9 3 0.75 0.075 
Lochranza 14 8 6 0.57 0.20 
Knapdale 14 6 8 0.43 0.16 
Torridon 15 8 7 0.53 0.20 
TOTAL 83 44 39 0.53 
Chi Squared= 2.71 (critical value for 7 d.f. = 16.01) 
Table 5.4.8b: Occurrence of glabrous and hairy ovaries in eight Scottish 
populations. 
Ovary hairiness 
Total 0 1-7 Proportion Probability 
Craigtoun 6 3 3 0.5 0.31 
Killin 5 2 3 0.4 0.31 
Loch Katrine 8 4 4 0.5 0.22 
Killiekrankie 9 5 4 0.55 0.25 
Gaerloch 12 6 6 0.5 0.23 
Lochranza 14 7 7 0.5 0.21 
Knapdale 14 4 10 0.29 0.057 
Torridon 15 11 4 0.74 0.045 
TOTAL 83 42 41 0.51 
Chi Squared= 3.41 (critical value for 7 d.f. = 16.01) 
-------------------------------------------------------------------------
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The Chi squared values for the presence of ovary hair (2.71) and sepals 1 
mm and over (3.41) are not significant (tables 5.4.8 a & bt and thus no 
statistical proof was obtained that the presence in accessions of either ovary 
hair or calyx lobes over 1 mm varies in frequency between populations. It was 
notable, however, that only a quarter of accessions from Gaerloch had calyx 
lobes over 1 mm, and only 4 of 15 accessions from Torridon had ovary hair 
(probability 5.4%), whereas 10 of 14 accessions from Knapdale had hairy ovaries 
(probability 6.5%). With an increased sample size, it might be shown that 
between population variation exists for these two characteristics. 
Taken overall, the present analysis has demonstrated that significant 
variation between Scottish populations only exists for one characteristic, floral 
marking colour. It was evident that flower marking colours in the range red-
orange to crimson were common in naturalised material, particularly the 
Lochranza population, but, interestingly, are not present in native material 
(see above). It is concluded that these marking colours result from 
introgression, and therefore the analysis has demonstrated between-
population variation in a character affected, and perhaps controlled, by 
introgression. 
Rhododendron maXImum has markings yellow-green to yellowish 
orange in colour (Bean, 1976; Chamberlain, 1982), and those of R. catawbiense 
are faint (Chamberlain, 1982), and therefore introgression from neither of 
these species is likely to have caused the reddish markings present in 
naturalised R. ponticum. Thus, it is suggested that some or all of the between 
population variation in marking colour would appear to result from differing 
levels of introgression from a species which is not R. catawbiense or R. 
maximum. The historical record (sect. 5.1.2) suggests that R. arboreum is the 
likeliest candidate, but no rDNA evidence was found to indicate the 
involvement of this species. The identity of the species from which these 
reddish markings have been obtained therefore, remains unknown. 
It is feasible that the observed variation between naturalised 
populations of R. ponticum in floral marking colour reflects differences 
between the cultivars originally planted to found each population and, 
therefore, is not a product of different levels of introgression from an 
unknown related species. Cultivated material from the same original stock 
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may have been selected by growers to favour in some lines redder markings 
and in others yellower ones. In this case, the involvement of other species 
would have contributed to the original variability of cultivated stock, but 
plants bearing any single attribute (such as red flower markings) acquired from 
a given species, might not contain any more germplasm of that species if 
highly selective breeding was conducted. 
5.4.3.3 Is some of the floral variation associated? 
To ascertain whether any of the floral traits were associated in their 
variation, correlation coefficients were calculated between each pair of 
characters for the full data set of 83 accessions sampled from Scottish 
populations (table 5.4.9). The statistical significance of correlation coefficients 
between two characteristics whose scores are considered to be normally 
distributed (i.e. floral length, colour, markings, lobe width) was determined 
using standard statistical tables. However, for correlations involving the non-
normally distributed characteristics (sepal length and ovary hairiness), the 
comparisons with critical values provide only an estimate of the likelihood of 
the observed correlation having occurred by chance (table 5.4.9). 
Table (5.4.9): Correlation coefficients between morphological characteristic 
scores. 
Colour Markings 
Length -0.11 -0.09 
Colour 0.39** 
Markings 
Width 
Sepals 
* Indicates significance at the 5% leveL 
** Indicates significance at the 2% leveL 
Width 
0.65** 
-0.19 
-0.24* 
Sepals Ovary 
0.11 0.01 
-0.13 -0.01 
-0.10 -0.21 
0.34(**) 0.10 
-0.4 
(**) Indicates a value which would be significant were both data sets normally distributed. 
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Fig. 5.4.3a: Plot of corolla lobe width against corolla length for 
material sampled from eight Scottish populations. 
The rDNA type of each individual analysed is indicated. 
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It was found that there were significant correlations between corolla 
length and petal width, floral markings and flower colour (such that red 
markings tend to occur with darker corollas), and flower markings and petal 
width (such that red flower markings are associated with narrow petal width). 
These associations are illustrated in figs. 5.4.3a, 5.4.3b and 5.4.3c. The relatively 
high correlation coefficient obtained for sepal length and petal width also 
suggests that these two characters are correlated. 
The strongest correlation was between corolla length and petal width. 
This suggests that both are controlled in part by genes which determine overall 
corolla size. However, as fig. 5.4.3a shows, wide petals are not always 
associated with a long corolla, and it is notable that these two traits differ 
greatly in their respective correlation values with sepals and markings (table 
5.4.9). 
The strong correlation observed between flower colour and markings 
(table 5.4.9; fig. 5.4.3b) is also probably due at least in part to certain genes 
affecting the shade of both. The correlation indicates that markings in the 
range red-orange to purple tend to be associated with deeper overall corolla 
colour, while paler corollas tend to be associated with green to yellow 
markings. It is probable that these characteristics are controlled, at least in part, 
by the same genes, and that some or all of the pigments which colour the 
corolla are concentrated in the markings. It is also possible that introgression 
has contributed to the association between these characteristics. 
Rhododendron maximum usually has pale pink flowers and yellowish 
markings (Chamberlain, 1970, Bean, 1976), while R. arboreum is an example of 
a species with deeply coloured flowers and dark red markings (Chamberlain, 
1970, Bean, 1976). If introgression had occurred recently, and/or the colour 
traits are controlled by the same or linked genes in an introgressing species, 
then this would tend to increase the association between these characteristics 
in naturalised R. ponticum. It is not possible to prove a link between this 
correlation and introgression from other species without more knowledge 
about the genetic control of these characteristics. 
Petal width is correlated with marking colour (table 5.4.9; fig 5.4.3c) and 
probably also with sepal length (table 5.4.9), and thus wider petals tend to be 
associated with paler marking colours (i.e. green to yellow). The mean petal 
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width is 12.5 mm for plants with sepals 1 mm and over, and 11.6 mm for 
plants with sepals less than 1 mm. In neither case is there any reason to 
assume that single genes might affect both correlated characters. It is possible 
that the correlation between width and marking colour could result from 
horticultural selection alone, favouring plants which combine either wide 
petals with pale yellow/green markings and/or narrow petals with dark 
markings. It is however very unlikely that such a visually insignificant 
character as sepal length would be affected by horticultural selection. R. 
maximum has pale markings and sepals 3-5 mm long (Chamberlain, 1982), 
and has been suggested to be involved in the parentage of naturalised 
populations (see 5.1). Therefore, as sepals over 1 mm do not normally occur in 
R. ponticum, it is suggested that the most likely explanation for the association 
between sepal length, wide corolla lobes and pale marking colour is that the 
association results from differing levels of introgression from R. maximum. 
Character correlation or coherance does not appear to be a common 
feature in hybrids, rather it is an exception resulting from linkage and/or 
polyploidy (Rieseberg & Ellstrand, 1993). It has been observed, however, that 
correlations tend to be detected between characters in hybrid zones where 
individuals of the parent species are included in the analysis (Goodman, 1966). 
This correlation would result from character associations among parental 
individuals being different from those among hybrids. It is feasible that this 
also applies to a population in which some individuals have been subjected to 
introgression from another species, while others have not. The probability of 
each characteristic acquired through introgression being present will be higher 
in each introgressed individual than in each pure individual, and thus an 
association between the occurrence of these characteristics will exist. Examples 
exist of distinct races within a species which have acquired both morphological 
and molecular characteristics through introgression: Penstemon spectabilis var 
subviscosus (Wolfe & Elisens, 1995); Helianthus annuus ssp texanus (Rieseberg 
et al. 1990a); and Senecio vulgaris var hibernicus, (Abbott et al., 1992a & b, 
Oxford et al. 1996). It is suggested that associations between characters acquired 
by introgression will also result in a population in which differing levels of 
introgression occur, and that this is the case in naturalised R. ponticum. 
The correlations also suggest either that the introgression from R. 
maximum was in part recent, or that the gene systems which control sepal 
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length, corolla lobe width and marking colour are subject to a degree of 
linkage. 
Thus the occurrence of character correlations observed in naturalised 
material, combined with the variation between popUlations observed for at 
least one character, suggests that some of the Scottish populations examined 
may have been founded from cultivated lines differing in their past 
introgression history. 
5.4.4 Do plants possessing CC rDNA-types have different morphological 
characteristics to others? 
A statistical analysis was conducted to determine whether plants with 
and without the CC rDNA-type differred significantly in any of the six 
morphological traits examined. Thus the Scottish population accessions were 
divided into two catergories, CC types and PP IPS types, with the single MX 
rDNA-type excluded from the analysis. For the two rDNA-type categories, the 
mean score and SE was calculated for each morphological characteristic, and a 
Student's t-test for samples of unequal size was conducted (table 5.4.10). 
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Table (5.4.10): Mean, confidence limit and t-values for morphological 
characters of plants possessing CC or PP IPS rDNA-types within Scottish 
populations of R. ponticum. 
Corolla length 
All accessions 
Non-CC 
CC only 
Corolla colour 
All accessions 
Non-CC 
CC only 
Corolla markings 
All accessions 
Non-CC 
CC only 
Corolla lobe width 
All accessions 
Non-CC 
CC only 
Sepal length 
All accessions 
Non-CC 
CC only 
Ovary hairiness 
All accessions 
Non-CC 
CC only 
LowerCL 
33.84 
33.62 
33.58 
4.61 
4A3 
4.81 
3.92 
4.00 
2.55 
11.7 
11.60 
11.51 
0.69 
0.71 
-0.16 
0.83 
0.71 
0.41 
Mean 
34.65 
34.53 
35.31 
5.05-
4.91 
5.77 
4.33 
4Al 
3.88 
12.17 
12.07 
12.73 
1.03 
1.08 
0.77 
1.22 
1.09 
1.92 
Upper CL 
35.46 
35A3 
37.03 
5A8 
5.40 
6.72 
4.72 
4.81 
5.22 
12.61 
12.55 
13.95 
1.37 
1.45 
1.70 
1.62 
lA7 
3.44 
t-value 
+0.18 
+0.69 
-0.50 
+0.52 
-OAO 
+0.81 
The critical t-value for a two-tailed test is 2.30 at the 5% level for 60+ degrees of 
freedom, and the largest t-value obtained was 0.81 for ovary hairiness (table 
5A.I0). Thus no statistical proof has been obtained that there is any 
morphological difference between accessions with and without CC rDNA-type. 
Plants with the CC rDNA type appear instead to display a similar range of 
variation to those with PP or PS types (figs 5.4.3a and 5.4.3b). 
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Rhododendron catawbiense resembles R. ponticum in most floral 
characteristics, and of the six measured in this survey only differs from R. 
ponticum in its hairy ovary (Chamberlain, 1982) and greener marking spots 
(Davidian, 1992). As has been discussed in sect. 5.4.2.1, there was no link 
between the occurrence of CC markers and hairy ovaries in the Gaerloch 
population (table 5.4.3) in which both CC types (table 5.4.2) and hairy ovaries 
(table 5.3.5) were unusually common. It is known from accession UK-144 that 
the CC rDNA type is not always detected in individuals known to have R. 
catawbiense in their ancestry. Accession UK-144 possessed the cpDNA but not 
the rDNA of R. catawbiense. Five of twelve Scottish plants which contained 
the CC rDNA-type had no ovary hair, so the lack of concordance between the 
CC rDNA type and ovary hairs cannot be simply the result of the acquisition of 
ovary hairs from alternative species, such as R. maximum. Only one example 
was found of an accession which matched R. catawbiense in its morphology, 
and molecular (both rDNA and cpDNA) characterisation, i.e. FCr-D at 
Craigtoun. Had recent introgression occurred from R. catawbiense, then a 
greater correlation between molecular and morphological characters would be 
expected. It appears that markers acquired through introgression from R. 
catawbiense have become dissociated from one another. This could be 
explained by the hypothesis that the level of introgression from R. catawbiense 
is similar in all Scottish material. In hybrid populations, associations between 
characters acquired from one parent may disappear as early as the F2 
generation (Goodman, 1966). It however, the analysis included individuals of 
one or both parental species, then the association was found to remain 
(Goodman, 1966). According to rDNA (table 5.4.2) and morphological (floral 
marking colour; table 5.4.7) data, the level of introgression varies between 
populations. As each population appears to have arisen from a separate 
introduction event, it is more feasible that the level of introgression might 
vary between, but not within, populations. This is supported by the lack of 
association between ovary hair and CC rDNA-types in the Gaerloch 
population, which appears to have higher levels of introgression than any 
other population (tables 5.4.2 & 5.4.3). It is not possible from the data to 
distinguish between the hypotheses that differences in introgression levels 
result from the original plantings containing different proportions of pure 
individuals of R. catawbiense, different proportions or types of "Hardy 
Hybrids", or individuals of R. ponticum which had been subjected to different 
levels of introgression. Taken overall, it can be stated that with rare exceptions 
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(of which FCr-D is one), introgression from R. catawbiense occurred at least 
two (and probably in most cases many more) generations ago, and that the 
genetic traits acquired from R. catawbiense have since become dispersed 
independently of one another through the gene pool of naturalised R. 
ponticum. For this reason, it will be difficult or impossible to determine from 
field examination which individuals have a higher proportion of R. 
catawbiense in their ancestry. 
The lack of concordance between molecular and morphological markers 
makes it difficult to be sure whether the proportion of R. catawbiense in the 
ancestry of British plants overall varies significantly. The concentrations of CC 
types in the Gaerloch population and the E. Scotland area of Britain overall 
suggest that their distribution is not entirely random. To determine whether 
the proportion of R. catawbiense in the genome of naturalised material does 
vary, a survey incorporating larger numbers of independent nuclear markers 
would be more appropriate. RAPD, AFLP or microsatellite markers could be 
used for such a purpose. Care would need to be taken, however, to survey 
native material of R. ponticum for variation in each character used and also to 
check for its occurrence in any other species which might have affected R. 
ponticum through introgression. If such a survey were performed in the 
future, it is suggested that it would be profitable to compare popUlations from 
E. Scotland, where CC rDNA-type was present at high frequency, with those 
from Ireland or the lowland areas of England, where it is very rare. 
5.4.5. Morphological characteristics of other introgressed types of R. ponticum 
the British Isles 
Apart from R. catawbiense, molecular evidence has been found of the 
involvement of two other species in the ancestry of naturalised British R. 
ponticum. Molecular evidence indicates that the same unknown species was 
involved in the ancestry of accessions UK-I04 and UK-116, but as neither 
accession was subjected to morphological analysis, it is not possible to deduce 
the morphological characteristics of the unknown species. Two accessions 
were shown to have R. maximum in their ancestry, i.e. Kkj-H from cpDNA 
and Kat-H from rDNA data. The Kat-H accession exhibited the highest 
recorded values for petal width and sepal length, respectively 19 and 7 mm, 
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Plate 5 .6a & b: 
Accession Kat-H from 
Loch Katrine, Scotland. 
Plate 5.6a (right) shows 
the large red calyx lobes 
lobes which are unique 
amongst the acceSSIOns 
examined. 
Plate 5 .6b (below) shows 
the gold colour of the 
flower markings. 
and also had gold markings (plate 5.6; fig 5.4.3c). This accession also had bright 
red calyx lobes, which occur neither in R. ponticum nor R. maXImum 
(Chamberlain, 1982). This would suggest that introgression from a third species 
may have occurred. The Kkj-H accession had a petal width of 18 mm, which 
combined with flower markings that were yellow-green set it apart from other 
accessions (fig 5.4.3c); it also had an above-average 3 mm value for sepal 
length. Therefore molecular evidence of introgression from R. maximum has 
been found only in accessions which also strongly resemble this species in 
their morphology, and thus probably have a high proportion of R. maximum 
in their ancestry. This suggests that individuals of naturalised R. ponticum 
with a lower proportion of R. maximum in their ancestry either do not exist or 
were not successfully detected by the rDNA markers employed. Given the 
reservations expressed in 5.3.1 concerning the ability of the enzyme/probe 
combinations employed to detect introgression from R. maximumt the 
frequent occurrence of sepals over 1 mm amongst naturalised material (table 
5.3.4; sect 5.1.1) and the association between sepal length and corolla lobe width 
(sect. 5.4.3.3), the latter explanation seems more likely. The results of the 
rDNA survey should thus not be taken as an indication that introgression 
from R. maximum is restricted in occurrence in the British Isles. 
If more reliable molecular markers could be developed which identified 
individuals of R. ponticum introgressed by R. maximum, then a better 
understanding would be achieved of the influence that R. maximum has had 
on the naturalised populations of R. ponticum in the British Isles, and it could 
be determined whether morphological and molecular markers are associated, 
as the results regarding accessions Kat-H and Kkj-H suggest. If the latter were 
proved, it would enable field workers to hypothesise with confidence the level 
of introgression from R. maximum in any naturalised population, using floral 
characteristics alone. 
5.5 Conclusions 
The survey of rDNA variation reported in this chapter has confirmed 
that material of R. ponticum currently naturalised in the British Isles contains 
genetic material acquired through introgression from other cultivated species. 
A total of 26 of the 259 plants successfully surveyed contained the rDNA (CC 
163 
type) of R. catawbiense (a proportion of just over 10%). Assuming that rDNA 
is inherited in a simple Mendelian way, this would suggest that the 
naturalised material of R. ponticum has on average 5% of R. catawbiense in its 
ancestry. 
One accession of R. ponticum contained rDNA of R. maximum, while 
two individuals had rDNA profiles which appeared to be the combination of 
the profiles of R. ponticum and an unknown species which contributed 
cpDNA haplotype QA to accession UK-116. 
The CC rDNA-type was not found in any material sampled from 
Ireland, although due to the small sample size this does not prove that this 
rDNA-type is not present in Irish R. ponticum. In contrast, the rare PS rDNA 
type of R. ponticum was significantly commoner in Ireland than in the 
remainder of the British Isles This could indicate a difference in the histories 
of material cultivated in the UK and Ireland, although the latter finding might 
simply be the result of a bottleneck event. 
The amount of nuclear introgression from R. catawbiense was shown to 
be higher in one Scottish population of R. ponticum (Gaerloch) than is 
normal in the British Isles. The colour of flower markings was also found to 
vary significantly between popUlations. These two results indicate that the 
plantings from which Scottish populations have arisen vary in their genetic 
history. 
Significant correlations were found between the variation for corolla 
length and perianth lobe width, and between overall corolla shade and 
marking colour; in both cases the two characteristics might be controlled in 
part by genes affecting respectively overall corolla size and overall corolla 
colour. A significant correlation also exists, however, between perianth lobe 
width and marking colour. Moreover, perianth segment width is probably 
also correlated with calyx lobe length. There is no reason to assume that the 
same genes affect these three traits. It is suggested, therefore, that the 
association between long calyx lobes, wide perianth segments and markings at 
the yellow/green end of the spectrum results in part from differing levels of 
introgression from R. maximum. 
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There is no concordance between rDNA markers indicating ancestry 
from R. catawbiense and any morphological marker. This suggests that 
introgression from R. catawbiense occurred many generations ago, perhaps 
during of the creation of the "Hardy Hybrids" in the early 19th century, or 
possibly as recently as in the first generations following the planting events 
which founded the Scottish populations surveyed. 
Plants showing introgression from R. catawbiense appear to be 
commoner in E. Scotland than elsewhere. It is suggested that this may be due 
to introgression conferring an adaptive advantage in this area, and this 
possibility will be discussed in chapter 7. 
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Chapter 6 
Morphological and molecular evidence of hybridisation amongst the 
species of Rhododendron in NE. Turkey. 
"I like that rule, it's a good rule, 
but this is BIGGER than rules!" 
Chris Noonan & George Miller, 
"Babe". 
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6.1. Introduction 
The genus Rhododendron is notable for the ease with which hybrids are 
formed by horticultural crossing. This is illustrated by the fact that over 1000 
hybrids are cultivated in Britain, a number which is greater than the 800 
recognised species within the genus, and twice that of the 500 Rhododendron 
species currently grown in the UK (Bean, 1976). It appears, therefore, that 
postzygotic barriers to hybridisation are very weak in the genus and that 
reproductive isolation between species in the wild is most likely due to 
ecological and/ or geographic barriers. 
6.1.1. Rhododendron species in NE Turkey 
Rhododendron ponticum belongs to subsection Pontica (containing 11 
species) within subgenus Hyemanthes (which contains 225 species). In NE 
Turkey, R. ponticum occurs with three other species from the same subsection, 
i.e.R. smirnovii, R. caucasicum, and R. ungernii; together with 
Rhododendron luteum, which belongs to subgenus Azalea. Rhododendron 
luteum is not considered here, as no evidence was found of hybrids between 
this and the other Turkish Rhododendron species examined, although the 
natural occurrence of such inter-subgeneric hybrids, (horticulturally known as 
"azaleodendrons") is not inconceivable. The habitats of the four species in 
subsection Pontica are distinct from each other, although there remains some 
potential for overlap (Chamberlain, 1982; Stevens, 1978; pers. obs). 
Rhododendron ponticum occurs from sea level to 1800m (rarely to 2100m) in 
forests (normally of Fagus orientalis; Stevens, 1978) or Rhododendron thickets 
(Chamberlain, 1982); R. ungernii occurs in forests from 1200-1850m 
(Chamberlain, 1982), and appears to show the strongest requirement for shade 
of the four species (pers. obs.); and R. smirnovii occurs in forests or scrub from 
1500-2300m (occasionally descending to 500m) with a preference for growing 
on rocky outcrops, (pers. obs.); and R. caucasicum is found between 2000 and 
3000 m in the open alpine zone (Stevens, 1978), although it occasionally 
descends to lower altitudes, such as the site above Camlihemsin in a steep-
sided valley where it occurs at 1700m beside snow patches which persist until 
at least the end of June (pers. obs.). 
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6.1.2 Hybrids documented in Turkey. 
The hybrid R. x sochadzeae Charadze & Davianidze, R. ponticum x R. 
caucasicum, is well known as a component of the NE Turkish alpine flora and 
was formally described in 1967 (Chamberlain 1982). It is normally found in the 
zone between the altitude ranges of the parent species (Stevens, 1978; pers. obs.) 
in which individuals appear to be morphologically consistent. The hybrid 
would appear to behave ecologically in the manner of a species occupying its 
own niche, rather than a hybrid swarm in which there is a gradual 
morphological transition between the two parent species. Because of its 
consistent morphology and ecological behaviour the intermediate plant has 
been described as a subspecies, R. ponticum subsp. artvinensis (Davidian, 1992). 
No other hybrids amongst the four species considered have been 
recorded with certainty. However, Chamberlain (1982) has stated that R. 
smirnovii "apparently hybridises with R. ungernii and R. caucasicum in the 
wild"; and there are putative specimens of the latter cross held in the 
herbarium at R.B.G. Edinburgh. Stevens (1978) noted that horticultural crosses 
have yielded hybrids between R. smirnovii and both of R. ponticum and R. 
caucasicum. It is also of interest that R. ungernii, which usually has white 
flowers, sometimes produces deep or pale pink ones, which could be the 
products of introgression from one of the pink-flowered species, i.e .. R. 
smirnovii or R. ponticum. 
6.1.3 Use of molecular markers in studies of hybrids 
The utility of molecular markers in studies of hybridisation is a function 
of how much uncertainty remains about the authenticity of a hybrid after the 
available morphological and ecological information has been considered. In 
the simplest instances, a hybrid plant has only two possible parents, is 
intermediate between them and tends to occur only where both occur together, 
for example the British hybrids Geum x intermedium (G. rivale x G. urbanum) 
and Scutellaria x hybrida (5. galericulata x S. minor) (Clapham et al. 1987). 
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Studies of hybridisation can be rendered more complex, however, by the 
involvement of more than two species, the age of the supposed hybrid taxon, 
and/ or the number of individuals present in a zone or swarm of hybrids. In 
such situations, morphological markers may prove to be inadequate in 
resolving the provenance of the putative hybrids, especially cases in which the 
hybrid displays characteristics not present in either parent (Rieseberg and 
Ellstrand,1993). However Floate et al. (1994) have argued that the weakness of 
identifications based solely on morphology is often due to the small number of 
characteristics scored, a fact supported by Rieseberg's (1991) assertion that 
hybrid species should be detectable in morphological phylogenies even if they 
do not superficially appear intermediate between their parent species. 
If a population of a putative hybrid has existed for many generations, 
and especially if it predates any botanical study or observation, then it becomes 
more difficult to determine its evoloutionary history. The population may 
have diverged from just one of its supposed parents (e.g. Helianthus neglectus, 
Rieseberg et.9l.:., 1990b) or represent an ancient race which is as distant from the 
two supposed parents as they are from each other (e.g. the weedy race of 
Helianthus bolanderi, Rieseberg et ill..:. 1988). Generally it is not possible to 
prove from morphological data alone that multiple origins of a hybrid species 
have occurred, as this would require constant morphological differences to 
occur amongst races of one parent, which were transmitted as discrete markers 
to the hybrid. Molecular markers such as isozymes, cpDNA and rDNA RFLPs, 
however, are known to vary within species and have been used to 
demonstrate recent multiple origins of the allopolyploids Tragopogon mirus 
(Soltis & Soltis, 1991; rDNA RFLP markers) and Senecio cambrensis (Ashton & 
Abbott, 1992; isozymes); and also to provide evidence against multiple origins 
in three Helianthus hybrid species (Rieseberg 1991). 
Aside from determining the origin of individual specimens or the 
evolutionary history of populations which may have arisen by hybridisation, 
molecular markers have also been of considerable value in examining the 
dynamics of hybrid zones (Arnold, 1992 and references therein; Bert & Arnold 
1995, Cruzan & Arnold 1994, Duggins et ill..:. 1995, Emery & Chinnapa 1992, 
Harrison & Bogdanowicz, 1997, Howard et al. 1993). In these studies multiple 
molecular markers have for example been used to illustrate the relative 
contributions of the two putative parents to each individual's genotype, from 
which patterns of backcrossing can be deduced. 
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Rieseberg & Wendel (1993) have summarised the advantages of 
molecular over morphological markers, emphasising the large numbers of 
independent molecular markers available, their apparent neutrality, the fact 
that they are unaffected by convergent selective pressures, their simple genetic 
basis, and that they are almost always heritable. An additional advantage is the 
existence of cytoplasmic markers which can be employed independently of 
nuclear markers. 
Molecular markers have a further advantage in studies of introgression, 
which is that they are not diluted by multiple generations. Morphological 
markers tend to be based on the interactions of many genes and their 
expression in hybrids and subsequent generations is therefore unpredictable. 
By contrast, because of their simple genetic basis, molecular characters tend by 
chance to be either inherited intact in, or not passed on to, each individual 
offspring. Therefore, the chance of a marker acquired from another species 
through introgression existing in any individual halves with each generation 
beyond the Fl. The chances of detecting such markers, and the accuracy with 
which the portion of the genome acquired by introgression can be estimated, 
are therefore improved by increasing the number of molecular markers 
employed and/ or the number of individuals sampled. Cytoplasmic markers 
acquired through introgression may tend to be especially persistent if there is a 
tendency for the one species to be the maternal parent (Rieseberg & Wendel, 
1993). This is illustrated by the frequency with which cpDNA introgression has 
been detected in the absence of morphologicat and sometimes also nuclear 
markers. Rieseberg & Wendel (1993) recorded 37 instances of cpDNA 
introgression; of which 18 were accompanied by detailed molecular analyses 
which did not detect nuclear gene introgression. Equally, in over half of the 37 
studies mentioned, there were no morphological characteristics to suggest 
introgression had occurred. Other studies of hybrid zones have often detected 
cytoplasmic introgression in individuals which are morphologically 
indistinguishable from the parents (e.g. in Iris (Arnold et ~ 1990), and 
Helianthus (Dorado et al. 1992)). 
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6.1.4. Demonstration and examination of effects of hybridisation between 
Rhododendron species (subsection Pontica) in NE Turkey. 
During a field excursion to NE Turkey in June 1994, specimens were 
found of F1 putative hybrids and recent introgression between Rhododendron 
species (subsection Pontica), and an unusual hybrid zone was obsverved 
between R. ponticum and R. caucasicum. In the present research program 
insufficient time was available to generate the numerous molecular markers 
necessary for detailed analysis of the introgression series and hybrid zones 
between Rhododendron species, as conducted by others in certain previous 
studies (e.g. Arnold, 1992; Rieseberg & Wendel, 1993; Nason et al; 1992). 
However, molecular markers were developed to confirm the parentage of 
putative hybrids and investigate the polymorphic flower colour in R. ungernii. 
The two types of markers employed in these studies, rDNA and cpDNA 
RFLPs, have been regularly used by others in studies of putative hybrids. 
cpDNA is not subject to recombination, and thus behaves as a single multi-
state character which may be used to identify the cytoplasmic parent of a 
hybrid, assuming that the two parent species differ in their respective cpDNAs. 
Thus Kron et al. (1993) used just one diagnostic cpDNA marker to identify the 
maternal parent of plants they knew to be recent hybrids between 
Rhododendron flammeum and R. canescens, and Dorado et al. (1992) used just 
two of five available cpDNA differences to determine the cpDNA-type of 
Helianthus specimens suspected of introgression. Szmidt et al. (1988) used the 
whole cpDNA restriction patterns produced by two enzymes to distinguish the 
cpDNA type of three spruce (Picea) taxa, and Arnold et al. (1992) employed 
cpDNA markers to examine a hybrid zone involving three species of Iris. 
Floate et al. (1994) asserted that ideally over 50 genetic markers should be 
employed in studies concerning hybridisationt as this would allow the accurate 
determination of the genetic distance between any hybrid individual and each 
of its parents. In the current study, however, it was possible to employ only 
one useful rDNA marker in the characterisation of parent species and their 
hybrid products. Nevertheless, single nuclear RFLP markers have been 
instrumental in demonstrating the hybrid origin of taxa For examplet Caputo 
et al. (1997) successfully employed a single nuclear probe/ enzyme combination, 
together with 3 cpDNA probe/ enzyme combinations, to demonstrate a hybrid 
origin for "Orchis alata". By examining all sympatric Orchis species with the 
combinations, they were able to demonstrate that the additive rDNA profile 
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observed in O. alata could only have been derived from a hybrid between O. 
laxiflora and a second species, which cpDNA analysis confirmed to be O. 
morio. Similarly, Wallace & Jansen (1995) used a single rDNA probe/enzyme 
combination, again in conjunction with cpDNA profiles, to distinguish 
between members of the genera Microseris and the Uropappus and thus to 
demonstrate, through an additive rDNA profile, that both members of the 
genus 5tebbinocarpus arose as (polyploid) hybrids between members of the 
other two genera. 
In the analysis presented in this chapter it will be assumed that cpDNA 
is transmitted maternally. This follows the analysis of Kron et al. (1993), which 
is discussed along with the evidence present in UK accessions of R. ponticum, 
in Chapter 4. 
6.1.5. Aims and objectives 
The aims and objectives of the work reported in this chapter were: 
1) The developement of simple species-specific cpDNA and rDNA markers to 
distinguish the four species of Rhododendron subsection Pontica in NE 
Turkey. 
2) To prove that R. x sochadeae is the hybrid between R. ponticum and R. 
caucasicum and determine whether either species is the usual maternal 
parent. 
3) To seek molecular evidence for the possible origin of the pink-flowered 
individuals of R. ungernii through introgression. 
4) To combine morphological and molecular evidence in the investigation of 
other putative hybrid specimens found during the field excursion to NE 
Turkey. 
6.2. Materials And Methods 
6.2.1.Plant material 
Material of Rhododendron ponticum, R. smirnovii, R. caucaSlcum, and 
R. ungernii was collected during a three week visit to Turkey in June 1994. 
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Collections were made from the area around Artvin and Murgul in the far 
north-east of Turkey, where all four species occur (Stevens, 1978); and from 
two other valleys between this area and Trabzon, which are further west than 
the known distributions of R. ungernii and R. smirnovii. Other samples of R. 
ponticum were taken from the far NW of Turkey and Bolu, which lies 200 km 
east of Istanbul; in both these areas R. ponticum is the only Rhododendron 
species. Voucher specimens of material collected are stored in the Herbarium 
at R.B.G. Edinburgh. 
6.2.2. Locations sampled 
Artvin: Hill above Artvin (41°07'N, 41°44'E), far NE of Turkey, Alt. 1500-
1800m 
This site was a hill approximately 16 km WNW of Artvin, the summit 
of the hill was about 100m above the treeline. R. ponticum was common 
under trees at this site, whilst R. x sochadzeae occurred in a zone at the top of 
the forested area and above it. R. caucasicum and R. smirnovii were common 
above the treeline and with R. x sochadzeae dominated this area. R. 
smirnovii was also present on a rocky outcrop amongst trees at a lower 
altitude. Representatives of each of these taxa, and of the putative R. 
caucasicum x R. smirnovii hybrid were collected. R. ungernii was not found 
at the Artvin site although herbarium specimens at R.B.G.E testify to its 
occurrence in the vicinity. 
Tiryal Daga: This site [41 0 14'N, 410 36'E] was on a slope between Damar (1100m) 
and the summit of the Tiryal Daga mountains (2844m), 4 km SW of Murgul 
(or Goktas); 
Material was collected across a range of altitudes, from 1400m to 2400m 
where samples from the upper part of the R. caucasicum population were 
collected (plate 6.1). The hybrid R. x sochadzeae occurred in large colonies with 
very consistent morphology between the R. caucasicum populations and the 
treeline. At c. 1750 m R. ponticum, R. ungernii and R. smirnovii occurred by a 
track together (plate 6.2). R. smirnovii extended to c.2300m, but throughout its 
altitude range was for the most part restricted to rocky outcrops. Below the 
treeline this species was for this reason sporadic in its occurrence, while R. 
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Plate 6.1: the mountains of Tiryal Daga. The grassy areas to the left of 
the picture are mainly Rhododendron .x sochadzeae, while the steeper 
slopes on the right are dominated by R. smirnovii. 
Plate 6 .2: Rhododendron scrub by the path to the mountains. Tiryal 
Daga, at c. 1750 m. At least three hybrid combinations occur in this area 
(see text). The plants by the path are R. smirnovii, or one of its hybrids. 
ponticum and R. ungernii were common. Material of plants suspected of 
being hybrids between R. ponticum and R. ungernii or introgressed 
individuals of both species, were collected along with the other taxa 
mentioned and two unidentified specimens. 
Savval Tepe; This site [c.41°11'N, 41°32-33 E] was located in woods above a 
road going S from Murgul below Gul Dagi, 1700m, 
An attempt was made to reach the Savval Tepe area below the 3131m 
Gul Dagi summit, however the road became too treacherous to continue, 
roughly 10 km south of Murgul. Collections were therefore taken from the 
woods above this point. Only R. ponticum and R. ungernii occurred here, but 
the corolla colour of the latter varied from pure white to mid pink. Material 
from three white and four pink individuals were collected, along with 
material from three R. ponticum plants. A fourth sample of R. ponticum was 
collected halfway between here and Murgul. 
Hopa: This site [41°24'N, 41°29'E] was by the road just south of Hopa, at sea 
level. 
From deep shade below trees beside the road, a single accession of R. 
ponticum was collected. 
Camlihemsin: This site [41°01'N, 41°03'E] was a steep stream valley above the 
road above Camlihemsin, c.1600m (plate 6.12) 
This very steeply sloped valley is surrounded by forest and scrub in 
which R. ponticum was common. In the valley, snow-patches were still 
present in June and possibly last all year because the steep north-facing aspect 
of the valley presumably limits exposure to sunlight. Close to these snow 
patches occur plants typical of much higher altitudes, such as Primula species, 
and R. caucasicum. Also present were hybrids between the R. ponticum and R. 
caucasicum, together with backcrosses in both directions. This provided the 
opportunity to survey a population of hybrids between R. ponticum and R. 
caucasicumt where backcrosses outnumber the intermediate forms, which is 
not the case at the Artvin or Tirya1 Daga sites. 
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Ikisdere: This site [400 46'N, 400 3S'E] was by the main road (83) above Ikisdere 
(alt. 1000m). 
Material from three plants of R. ponticum was collected from scrub 
between the river and the road. No other Rhododendron species occurred 
nearby. 
Ovit Daga: This site [400 39'N, 400 43'E] was by the main road between Ikisdere 
and Ispir, near Sirrikaya (alt. c. 2000m). 
Material from 5 plants of R. caucasicum was collected from alpine 
grassland close to the main road. It is not certain whether R. x sochadzeae 
occurred nearby, as thick mist covered the area at the time of the collections. 
These samples of R. caucasicum are considered to be the least likely to have 
been introgressed by other species. 
Bolu: This site [400 43'N, 31°30'E] was by the highest point on the main road 
(ES), 12 km from Bolu towards Duzce (alt. 1000m). 
Samples from six individuals of R. ponticum were collected from woods 
beside the road, where the species is abundant. None of the other three 
Rhododendron species occurred this far west, so the material collected can be 
considered to be unaffected by recent introgression. 
NW Turkey (Istranca Daglari): Two sites [41°S0'N, 27°41'E] were located by by 
road from Demirkoy NW to Golyaka (alt. 800m). 
At both sites R. ponticum formed an understorey in woodland. The 
climate appeared to be drier and R. ponticum appeared to be less vigorous than 
in the sites further west already described. No other Rhododendron species 
occurred in this part of Turkey 
NW Turkey (Kiyikoy): This site [41 0 38'N, 280 06'E] was in woodland just 
outside the town, (alt. SOm). 
Material was collected from four plants of R. ponticum, which formed 
part of a dense understorey beside the road running south from the Kiyikoy. 
6.2.1.2. Collection and desiccation of plant material 
Leaf samples from a total of 185 individual plants were collected from 
the locations listed in the previous section. From each plant a sufficient 
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amount of leaf material was desiccated using coarse, self-indicating silica gel 
contained in self-sealing bags to produce 1-2g of dry weight material. Most 
samples were desiccated using approximately 25g silica gel, which was replaced 
by fresh silica gel if most or all of the gel had turned pink due to hydration. 
The process was repeated until the silica gel in a sample bag retained its blue 
colour signifying that the leaves were fully desiccated. Wet leaves, collected 
during or after rain, were dried with tissue paper before being treated with 
silica gel, while the species with tomentose leaves, R. smirnovii and R. 
ungernii, required extra silica gel to ensure desiccation. 
Wherever possible, flowering specimens were gathered, and a small 
amount of material was pressed. Normally, pressed specimens consisted of 
one or two flowers, an additional pedicel plus calyx and ovary, and one leaf to 
illustrate the indumentum. Larger specimens were mounted onto herbarium 
sheets, while the smaller ones were affixed to 10 x 15 cm record cards for 
storage and reference. 
6.2.2 Examination of cpDNA and rDNA variation 
The procedures used for DNA extraction, restriction digestion, fragment 
separation and probing were as described in Chapter 2. RFLP markers were 
sought which would distinguish the cpDNA and rDNA of all four species. 
This was carried out in conjunction with the search for differences between all 
species of subsection Pontica mentioned in Chapter 4 and described further in 
Chapter 6. As the time available for this study was limited, it was desirable to 
distinguish the cpDNA and rDNA types of the four species using as few 
probe/ enzyme combinations as possible. In the event, a single probe/ enzyme 
combination was ultimately employed to distinguish the species for both 
cpDNA and rDNA. 
All samples collected from localities where more than one species 
occurred were assayed for cpDNA haplotype to determine their maternal 
parentage. Samples were also surveyed for their rDNA type to detect evidence 
of introgression or hybridisation. The results of the molecular survey of 
variation were compared to the morphological variation in the material 
originally collected. 
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6.3. Results 
DNA was successfully extracted from a total of 121 of the 185 samples 
collected and was surveyed for both rDNA and cpDNA RFLP variation. The 
remaining samples were excluded from analysis due to either lack of time or 
failure to extract or examine the DNA. 
6.3.1 Morphological characteristics of species and putative hybrids 
The four Turkish species of Rhododendron (subsect Pontica) can be 
distinguished using the four principal morphological characteristics listed in 
table 6.1. The morphology of typical individuals of each species are shown in 
plates 6.3-6.6. In regard to flower colour, R. ponticum and R. smirnovii 
produced pink flowers while R. ungernii and R. caucasicum had white 
flowers. Putative hybrids between species with different flower colours varied 
in the degree of intermediacy of flower colour. Thus the colour of the flowers 
of R. x sochadzeae (R. ponticum x R. caucasicum) was much paler than the 
expected intermediate flower colour of the two species. However, putative 
hybrids between R. ungernii and either of the pink flowered species tended to 
have flowers of a colour more similar to that of the pink-flowered parent. Leaf 
indumentum on the underside of leaves also varied between species. R. 
smirnovii and R. ungernii produced a tomentose or woolly indumentum, 
while R. caucasicum had a very compact indumentum, suggesting that the 
ventral surface is coloured. In contrast, R. ponticum has leaves which are 
entirely glabrous. Putative hybrids tended to be intermediate to their parents' 
level of indumentum. 
Rhododendron ungernii could be distinguished from the other three 
species by the character calyx lobe length (table 6.1; plate 6.4), which was 5-9 
mm in this species but seldom exceeds 1 mm in the others. The occurence of 
long calyx lobes in specimens which otherwise resembled R. ponticum in 
morphology was taken as evidence for possible introgression from R. ungernii. 
Finally, ovary hair also varied between the four species, being white in 
R. smirnovii and R. ungernii, brown in R. caucasicum, and absent in R. 
ponticum. This character is most useful in identifying the other parent(s) of 
putative hybrid derivatives which had R. ponticum as one of their ancestors. 
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Plate 6.3 : flowers and leaves of Rhododendron ponticum. The pressed 
specimen is accession DM-P4; the photos are TDaP2 and TDaP3 . 
Note: the yellow key label in the photo is 8 em long. The seale is the same for the 
photos in plates 6.4 and 6.5. 
Plate 6.4: flowers and leaves of Rhododendron ungernii. The pressed 
specimen is accession ST-WI; the photos are TDaU 1 and TDaU2. 
f 
f . 
Plate 6.5: flowers and leaves of Rhododendron smirnovii. The pressed 
specimen is accession A v6E; the photos are TDaPs 1 and TDaS2. 
Plate 6.6: flowers and leaf of Rhododendron caucaSlcum; acceSSIOn Av5A. 
/ 
Plate 6.7 : flowers and leaf of acceSSIOn Av8G, a putative Rhododendron 
caucasicum x R. smirnovii hybrid 
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Table 6.1 Diagnostic morphological characteristics of Rhododendron species 
and putative hybrids found in Turkey 
Presumed Taxon 
K eaueasieum 
K smirnovii 
K pontieum (pure) 
K ungernii (white) 
K ungernii (pale pink) 
K ungernii (deep pink) 
Kp., introgressed by Ku ? 
Putative R.p. x Ku. 
K x soehadzeae (typical) 
Kp. x Ke. (hybrid swarm) 
d. Keaueasieum x K smirnovii 
Flower 
colour 
White (or 
cream) 
Pink 
Pink 
White 
Pale pink 
Pink 
Pink 
Pink 
Pinkish 
white 
Pink to 
white 
Pale pink 
Character: 
Leaf 
below 
Compactly 
hairy 
Woolly 
Glabrous 
Woolly 
Woolly 
Woolly 
Glabrous 
or nearly 
Sparse 
hairs 
Glabrous 
or nearly 
Variable 
Compact to 
woolly 
Calyx 
lobes 
Short 
Short 
Short 
Long 
Long 
Long 
Variable 
Long 
Short 
Short 
Short 
Ovary 
indumentum 
Brown, 
hairy 
White 
hairy 
Glabrous 
White 
hairy 
White 
hairy 
White 
hairy 
Variable 
Sparsely 
hairy 
Usually 
hairy 
Variable 
hairiness 
Tan, 
hairy 
The hybrid R. x sochadzeae (R. ponticum x R. caucasicum), was 
generally found to have pale pink flowers, ovary and leaf hairs similar to, but 
more sparse than, those of R. caucasicum; and short calyx lobes (plate 6.11). 
Other specimens were found for which the description fell between this and 
those of both parents. 
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Certain specimens that were collected did not match the descriptions of 
any known taxon exactly and were thus considered to be putative hybrid 
derivatives for which the parent species were not certainly known. 
Individuals of R. ponticum with long (over 3 mm) calyx lobes and/or 
sparse white ovary hairs appeared to be the products of introgression from R. 
ungernii. Two individuals with sparse ovary and leaf hairs, calyx lobes of 5-9 
mm and pink flowers were considered to be F1 crosses (or close) between the 
same two species (plate 6.10). Specimens with brown ovary hairs and pink 
flowers were hypothesised to be R. caucasicum x R. smirnovii (plate 6.7), and 
two putative examples were found of R. ungernii x R. smirnovii (plates 6.8 & 
6.9). Using the morphological characters listed in table 6.1, each accession 
collected was assigned to a single species or one of the putative hybrid 
combinations as shown in table 6.2. 
-------------------------------------------------------------------------
-------------------------------------------------------------------------
Table 6.2 Number of individuals of each s12ecies or h~brid t~12e examined from 
each collection site 
Location 
Morphological type Artvin Tiryal Savval Camli- Other1 
Daga Tepe hemsin 
R. ponticum (pure) 0 0 0 0 8 
R. ponticum. (cf. pure)2 7 13 2 7 0 
R.p., cf. introgressed by R.ungernii 0 10 0 0 0 
Putative R.ponticum.x R.ungernii 0 2 0 0 0 
R. x sochadzeae (large population) 13 5 0 0 0 
R.p. x R.caucasicum (hybrid swann) 0 0 0 6 0 
R. caucasicum (pure) 0 0 0 0 2 
R. caucasicum (cf. pure) 7 2 0 3 0 
R. caucasicum x (R.c. x R. p.) 2 0 0 0 0 
cf. R. caucasicum x R. smirnovii 5 0 0 0 0 
R. smirnovii 7 6 0 0 0 
R. ungernii (white flowered) 0 7 2 0 0 
R. ungernii (pale pink flowered) 0 3 4 0 0 
cf R. ungernii x R. smirnovii 0 2 0 0 0 
R. sp. unknown. 0 1 0 0 0 
TOTAL 41 51 8 16 10 
1: Locations with only one species present, i.e. Hopa, Ikisdere, Ovitdaga, Bolu and NW Turkey. 
2: Individuals of R. ponticum which showed no morphological signs of introgression but grew in 
close proximity to other species. 
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6.3.2. cpDNA variation between species 
Among the 20 Rhododendron taxa investigated previously (Chapter 3), 
cpDNA RFLP variation was detected for 21 probe/enzyme combinations. Of 
these combinations, six resolved no cpDNA variation between the Turkish 
species examined, five distinguished a single species (most commonly R. 
smirnovii) from the other three, three distinguished one pair of species from 
the other, and three showed distinctive patterns for R. smirnovii and R. 
caucasicum, but did not distinguish the cpDNA of R. ponticum from that of R. 
ungernii. Each of the remaining four probe/enzyme combinations 
distinguished the cpDNAs of all four species. The restriction enzymes BcZ1 
and Bg12 both produced species-specific fragment patterns in extracts probed 
with pLsC2 (see fig 4.2), however infraspecific variation was resolved in R. 
ponticum with these probe/enzyme combinations and restriction fragment 
patterns were difficult to assign to a species unless all digests of all four species 
were run together on a gel. A third probe/enzyme combination, BcZl/pLsC1, 
resolved different fragment patterns for each species, but the differences relied 
on the expression of faint bands which were not always clearly resolved. The 
combination of Dra1 and pLsCS-ll produced by far the most clear differences 
between the patterns for the four species, and this combination was, therefore, 
employed to identify the different cpDNA types of the four species. 
Between the four species, eleven different fragment sizes occur in their 
Dra1/pLsCS-ll RFLP profiles, of which eight were readily visible in all the 
cpDNA autorads produced. The distribution of fragments between species is 
shown in table 6.3 and illustrated in fig 6.1a 
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Fig 6.1: RFLP profiles for Rhododendron acceSSlOns from Turkey. 
Fig 6.1a (top): cpDNA RFLP profiles generated by Dral and pLsC8-11 
Fig 6.1 b (bottom): rDNA RFLP profiles generated by Dral and pTa71. 
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Note: the letters refer to species as follows: P = R. ponticum; U = R. 
ungernii, S = R. smirnovii, C = R. caucasicum. The profiles are identified 
according to which species' fragments are expressed. 
Table 6.3: cpDNA restriction fragment profiles of four Turkish Rhododendron 
species following digestion of extracts with Dral and probing with pLsC8-11 
Fragment Rhododendron species 
Size (kb) ponticum caucasicum ungernii smirnovii 
8.19 +++ 
6.68 +++ +++ +++ 
6.18 (+++) +++ +++ 
5.52 (+++) 
4.79 +++ 
4.01 +++ 
3.55 +++ +++ +++ +++ 
3.42 (+++) 
3.03 +++ 
1.60 +++ +++ +++ 
1.49 +++ +++ 
+++ indicates the presence of a band; 
(+++) indicates a very faint band. 
All four species yielded a 3.55 kb fragment. R. ponticum, R. ungernii 
and R. caucasicum shared fragments of 6.68 kb and 1.60 kb in length, and R. 
ungernii and R. caucasicum also shared a 1.49 kb fragment. Of the other five 
fragments resolved, three were unique to R. smirnovii (4.79, 4.01 and 3.55 kb), 
one was found only in R. ponticum (3.03 kb), and a faintly resolved band of 
5.52 kb was unique to R. ungernii 
The level of RFLP variation resolved over all species of subsection 
Pontica with the Dral/pLsC8-11 probe I enzyme combination was too great to 
identify accurately all the mutations responsible for the different banding 
patterns obtained (see Chapter 3). However, a site gain appears to cause the 
replacement of the 8.19kb fragment present in R. smirnovii with the 6.68kb 
and 1.60 kb fragments present in the other three species. 
A knowledge of the mutations responsible for the banding differences is 
not required for the analysis presented in this chapter, as its main purpose was 
to differentiate between the cpDNAs of the four species. No additional cpDNA 
haplotypes were resolved in the Turkish material examined (although 
polymorphisms in the pLsC2 region were detected amongst Turkish accessions 
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of R. ponticum, Chapter 4). It is therefore assumed that infraspecific variation, 
at least in the pLsC 8-11 region, is not present amongst the accessions sampled 
other than that which might result from cpDNA capture between species. 
Of the accessions surveyed, 81 were considered to match one species 
exactly (i.e. showed no morphological signs of hybridisation or introgression, 
table 6.2). Of these, only one accession of R. ungernii appeared to have the 
cpDNA of another species, R. ponticum. This accession also contained the 
rDNA of R. ponticum (see below). It was concluded therefore that the cpDNA 
types of each species were constant except where recent chloroplast capture had 
occurred. 
6.3.3. rDNA variation 
rDNA RFLP variation proved more difficult to detect in the material 
examined. Extracts of the four species were digested with fourteen restriction 
enzymes and probed with pTa71. Of the enzymes, six- Stul, Smal, BgIl, Hind3, 
CZal & Bcil; did not cut the rDNA extracts (one band of high molecular weight 
was constant throughout subsection Pontica in these cases). The four base 
cutter enzymes tested- AZul, Hint1 & Rsa1, all produced very large numbers of 
bands (e.g. 19 strong bands plus many fainter ones were generated by Hintl) but 
yielded no polymorphisms for the strong bands. Five six base cutter enzymes; 
BamHl, Dral, EcoRl, EcoRV & Sstl, generated between two and four strong 
bands, but BamHl, Sst 1 and EcoRl revealed no rDNA polymorphisms (except 
in band intensity or the position of very faint bands), while EcoRV resolved an 
extra band only in R. ponticum. The restriction enzyme Dra1 was the only 
enzyme which produced different rDNA profiles for all four of the Turkish 
species, producing the fragments described in table 6.4. 
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Table 6.4. rDNA restriction fragment profiles produced following digestion of 
extracts with Dral and probing with pTa71 
Fragment 
Size (kb) 
6.30 
5.49 
4.711 
4.51 
4.20 
2.50 
Rhododendron species: 
ponticum caucasicum ungernii 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
smirnovii 
+++ 
+++ 
+++ 
1 This fragment is replaced by one of 4.84 kb in a specimen of R. caucasicum from KB.G. 
Edinburgh. 
No infraspecific rDNA RFLP variation was detected amongst the 
Turkish material examined; however, an accession of R. caucasicum from 
R.B.G. Edinburgh (originally collected from Turkey) exhibited a 4.84 kb 
fragment in place of the 4.71 kb one. It is also noteworthy that Turkish 
material of R. ponticum lacked the 5.23 kb fragment which is present in Iberian 
material (see table 5.3.1, Chapter 5). 
The rDNA profile of R. ponticum generated by Dral contained two 
distinct fragments of sizes 6.30 kb and 4.20 kb. The other three species shared a 
fragment of 5.49 kb in length, but differed for other fragments. R. ungernii 
differed from R. caucasicum and R. smirnovii in that a 4.71 kb fragment was 
replaced by a 4.51 kb one. This small difference in fragment length was 
difficult to detect, and in cases of uncertainty the digestion and probing of 
extracts was repeated. It is accepted that should both these fragments be 
generated in a hybrid individual, this might not be evident, as the presence of 
one fragment might be masked by the other. R. caucasicum could be 
distinguished from R smirnovii in regard to their rDNA fragment profiles due 
to the presence of a 2.50 kb fragment in R. smirnovii. A hybrid between R. 
caucasicum and R. smirnovii could not be distinguished from R. smirnovii in 
regard to its rDNA. 
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Of the 81 accessions which matched a single species exactly in 
morphology (table 6.2), all possessed the rDNA fragment profile of the species 
to which they had been identified, while two also possessed the rDNA bands of 
a second species. One of these accessions, DM-U2, matched R. ungernii in 
morphology, but also has the cpDNA of R. ponticum, indicating that the 
additional rDNA and cpDNA genomes had been gained through introgression 
from R. ponticum. The other anomalous accession SV -6E, resembled R. 
ponticum in morphology but also possessed the rDNA of R. caucasicum. This 
accession was collected from the vicinity of a small hybrid swarm between 
these two species, so again introgression is a reasonable explanation for the 
additive rDNA pattern found in the accession. 
Hybrids were identified by the possession of an additive rDNA fragment 
profile (i.e. the presence in an accession of rDNA bands from more than one 
species), and/or the presence of cpDNA and rDNA patterns from different 
species. 
In extracts where rDNA fragments of more than one species were 
visible, the intensity of bands from the different species was not always equal. 
Most autorads of individuals of R. x sochadzeae displayed bands of equal 
intensity, as did the autorads of two putative R. ungernii x R. ponticum 
hybrids. However, for two samples of R. x sochadzeae, the bands of R. 
ponticum were considerably stronger in intensity than those of R. caucasicum. 
This could be then result of convergent evolution towards the rDNA-type of 
one of the parent species. 
Fig 6.1b shows the fragment profiles generated by all species except R. 
ponticum, and one or two accessions of five putative hybrid combinations. 
This is shown together with the cpDNA results for the same accessions (fig 
6.1a). 
In table 6.5 which shows the distribution of rDNA fragments (generated 
by Dral) in the four species and their hybrids, the letters P, 5, U and C are used 
respectively to represent the species R. ponticum, R. smirnovii, R. ungernii, 
and R. caucasicum The lowercase for these letters indicates the situation 
where the rDNA bands of a given species are visualised at a lower intensity. 
Thus the rDNA banding patterns found in Turkish material are categorised 
according to which species or pair of species appear to be the parents (or recent 
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ancestors) of each accession. This notation is used hereafter to describe the 
rDNA phenotypes of all accessions described in the following sections. 
Table 6.5: rDNA phenotypes found in Turkish Rhododendron samples 
Band size in kb 
rDNA-type 6.30 5.49 4.71 
p +++ 
p+C +++ +++ +++ 
C+p (++) +++ +++ 
P+c +++ (++) (++) 
p+U +++ +++ 
C +++ +++ 
S +++ +++ 
U +++ 
U+S +++ (++) 
In this table, 
+++ represents a strong band, and 
(++) represents a faint one. 
4.51 
+++ 
+++ 
+++ 
4.20 2.50 
+++ 
+++ 
(++) 
+++ 
+++ 
+++ 
+++ 
From table 6.5, it can be seen that an additive rDNA profile of R. 
smirnovii and R. caucasicum will be identical to that of pure R. smirnovii if 
all fragments are expressed. Thus such a hybrid, if it occurred, could only be 
reliably identified if its cpDNA or morphology certainly indicated the 
involvement of R. caucasicum as an ancestor. 
6.3.4. Molecular and morphological categorisation of accessions 
A categorisation of Turkish accessions into pure species and hybrid types 
according to morphological and molecular phenotypes is given in Table 6.6. 
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Table 6.6. Categorisation of accessions according to their mOf)2hological! 
cpDNA and rDNA characteristics. 
Locality Accession Morphology cpDNA rDNA Ancestry 
R. ponticum. (not in proximity to other spp.) 
Turkey-in-Eur. TEB2 P P P Ponly 
Turkey-in-Eur. TEB3 P P P Ponly 
Turkey-in-Eur. KyV P P P Ponly 
Bolu TB4 P P P Ponly 
Ikisdere Ikl P P P Ponly 
Ikisdere Ik2 P P P Ponly 
Hopa Hopa P P P Ponly 
R. ponticum. (apparently pure but in proximity to other sp(p).) 
Camlihemsin Ch3 P P P Ponly 
Camlihemsin Ch4 P P P Ponly 
Camlihemsin SVI P P P Ponly 
Camlihemsin SV2 P P P Ponly 
Camlihemsin SV3 P P P Ponly 
Camlihemsin SV4c P P P Ponly 
Camlihemsin SV6e P P P+C PandC 
Artvin area Av9 P P P Ponly 
Artvin area Avll P P P Ponly 
Artvin area Av12b P P P Ponly 
Artvin area Av12c P P P Ponly 
Artvin area Av13a P P P Ponly 
Artvin area Av14 P P P Ponly 
Artvin area Av16 P P P Ponly 
Tiryal Daga DmP2 P P P Ponly 
Tiryal Daga DmP3 P P P Ponly 
Tiryal Daga DmP4 P P P Ponly 
Tiryal Daga TDaP2 P P P Ponly 
Tiryal Daga TDaP3 P P P Ponly 
Tiryal Daga TD-X12 P P P Ponly 
Tiryal Daga TD-X14 P P P Ponly 
Tiryal Daga TD-XIS P P P Ponly 
Tiryal Daga TD-X16 P P P P.only 
Tiryal Daga TD-X17 P P P Ponly 
Tiryal Daga TD-X18 P P P Ponly 
Tiryal Daga TD-X19 P P P Ponly 
Tiryal Daga TD-X20 P P P Ponly 
Tiryal Daga TD-X21 P P P Ponly 
Tiryal Daga TD-X22 P P P Ponly 
Tiryal Daga TD-X23 P P P Ponly 
Tiryal Daga TD-X24 P P P Ponly 
Savval Tepe StRp2 P P P Ponly 
Savval Tepe Mst P P P Ponly 
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Table 6.6. continued 
Locality Accession Morphology cpDNA rDNA Ancestry 
R. vonticum showing apparent introgression from R. ungernii 
. 
Tiryal Daga TD-X7 P(u) P P+U PandU 
Tiryal Daga TD-X6 P(u) P P P (and U?) 
Tiryal Daga TD-X8 P(u) P P P (and U?) 
Tiryal Daga TD-X9 P(u) P P P (and U?) 
Tiryal Daga TD-X10 P(u) P P P (and U?) 
Tiryal Daga TD-X11 P(u) P P P (and U?) 
Tiryal Daga TD-X13 P(u) P P P (and U?) 
Putative R. ponticum x R. ungernii 
Tiryal Daga TD-XX PxU P P+U UandP 
Tiryal Daga TD-XY PxU P P+U UandP 
R. x sochadzeae CR. ponticum x R. caucasicum, apparently stable intermediate) 
Tiryal Daga TDC1 Z P+C CandP 
Tiryal Daga TDC2 Z C P+C CandP 
Tiryal Daga TDC3 Z C P+C CandP 
Artvin 3A Z C C CandP 
Artvin 3B Z C C CandP 
Artvin 3C Z C P+C CandP 
Artvin 3D Z C P+C CandP 
Artvin 3E Z C P+C CandP 
Artvin 7A Z C P+C CandP 
Artvin 7B Z C P+C CandP 
Artvin 7C Z C P+C CandP 
Artvin 7D Z C P+C CandP 
Artvin 7E Z C P+C CandP 
Tiryal Daga TD-Q Z C C C (and P?) 
Tiryal Daga TD-AZ Z P P+C CandP 
Artvin 9 P P P+C PandC 
Artvin 10 Z C P+C CandP 
Artvin 11 P P P(+c) P (and C?) 
R. 120nticum x R. caucasicum {small hybrid swarm, apparently backcrossing 
both ways) 
Camlihemsin SV4B PxC P P+C CandP 
Camlihemsin SV5C PxC C P+C CandP 
Camlihemsin SV6B Pxc C C CandP 
Camlihemsin SV6C PxC C P(+c) CandP 
Camlihemsin SV6D pxC C P+C CandP 
Camlihemsin SV5D pxC C P+C CandP 
R. caucasicum, possibly introgressed {pale pink flowers) 
Artvin Av4A C(p) C C C (and P?) 
Artvin Av4B C(p) C C C (and P?) 
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Table 6.6. continued 
Locality Accession Morphology cpDNA rDNA Ancestry 
R. caucasicum (far from other species and therefore almost certainly pure) 
Ovitdaga Ovl C C C Conly 
Ovitdaga Ov4 C C C Conly 
R. caucasicum (apparently pure but in proximity to other sp(p).) 
Camlihemsin SV4A C C C Conly 
Camlihemsin SV5A C C C Conly 
Camlihemsin SV6A C C C Conly 
Artvin Av2A C C C Conly 
Artvin Av2B C C C Conly 
Artvin Av2C C C C Conly 
Artvin Av2D C C C Conly 
Artvin Av2E C C C Conly 
Artvin Av5A C C C Conly 
Artvin Av5B C C C Conly 
Tiryal Daga TD-B2 C C C Conly 
Tiryal Daga TD-B5 C C C Conly 
R. caucasicum x R. smirnovii 
Artvin Av8A CxS C S* CandS 
Artvin Av8B CxS C S* CandS 
Artvin Av8C CxS C S* CandS 
Artvin Av8E CxS S S* CandS 
Artvin Av8F CxS S S* CandS 
R. smirnovii 
Artvin area AvIB S S S Sonly 
Artvin area AvIC S S S S only 
Artvin area AvID S S S S only 
Artvin area AvlE S S S S only 
Artvin area Av6A S S S S only 
Artvin area Av6B S S S S only 
Artvin area Av6E S S S S only 
Tiryal Daga TD-X6 S S S S only 
Tiryal Daga TD-SM S S S S only 
Tiryal Daga DM-SI S S S S only 
Tiryal Daga DM-S2 S S S Sonly 
Tiryal Daga TD-S2 S S S S only 
Tiryal Daga TD-S3 S S S S only 
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Table 6.6. continued 
Locality Accession Morphology cpDNA rDNA Ancestry 
R. ungernii (white flowered) 
Savval Tepe ST-W2 wU U U Uonly 
Savval Tepe ST-W3 wU U U Uonly 
Tiryal Daga DM-Ul wU U U Uonly 
Tiryal Daga DM-U2 wU U U Uonly 
Tiryal Daga DM-U3 wU U U Uonly 
Tiryal Daga DM-U4 wU U U Uonly 
Tiryal Daga TD-U2 wU P U+P UandP 
Tiryal Daga TD-Yl wU U U Uonly 
Tiryal Daga TD-Xl wU U U Uonly 
R. ungernii (pale pink flowered) 
Savval Tepe ST-Rl rU U U Uonly 
Savval Tepe ST-R2 rU U U Uonly 
Savval Tepe ST-R3 rU U U Uonly 
Savval Tepe ST-R4 rU U U Uonly 
Tiryal Daga TD-X2 rU U S+U UandS 
Tiryal Daga TD-X3 rU U S* UandS 
Tiryal Daga TD-X4 rU U S* UandS 
R. ungernii; putative h~brids with R. smirnovii} 
Locality: Accession Morph. cpDNA rDNA Species 
involved 
species h'type (types) 
Tiryal Daga TD-X5 UxS? U S+U UandS 
Tiryal Daga TD-RU UxS? U U U only? 
Unidentified h~brid 
Tiryal daga TD-Ql ? S P and S? 
The letters P, C, U and S represent the species R. ponticum, R. caucasicum, R, ungernii and 
R. smirnovii in this table. Morphological information is summarised by recording which species' 
charcteristics occur in a specimen. Putative hybrid derivatives are depicted as follows: A 
putative hybrid approximately equal in morphology between two parents is labled as the 
product of their two letters in uppercase. Otherwise a hybrid is depicted as the product of the 
species it resembles more closely in uppercase and the species it resembles less closely in 
lowercase. Specimens of a species which appear to show introgression are indicated with the 
letter of the suspected introgressing species in brackets. A specimen which appears to be R. 
ponticum introgressed by R. ungernii is thus labelled P(u). Accessions of R. ungernii are divided 
into white and pink flowered specimens which are labelled respectively wU and rD. 
Additive rDNA patterns are represented as in Table 6.5, e.g. "P+C" indicates a specimen 
which displays all the rDNA bands of R. ponticum and R. caucasicum. "S*" indicates that the 
rDNA profile of R. smirnovii was visible but may have masked the profile of another species. 
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From the morphological and molecular characterisation of accessions 
(Table 6.6), the following could be deduced: 
i) Accessions of pure R. ponticum were present in nine of the ten localities 
sampled., i.e. at Bolu, Ikisdere, Hopa, Camlihemsin, Artvin, Tiryal Daga, 
Savval Tepe and both sites in NW Turkey. Only from Ovit Daga were no 
accessions of pure R. ponticum collected. 
ii) Accessions of R. ponticum showing molecular evidence of introgression 
from R. caucasicum were present at Artvin and Camlihemsin. These samples 
matched R. ponticum in morphological characters and in cpDNA types, but 
showed a mix of rDNA types of R. ponticum and R. caucasicum. In Av9 and 
SV6E the bands of the two were equal in intensity but in A vII the R. 
caucasicum bands were fainter. 
iii) Accessions of R. ponticum showing morphological but not molecular signs 
of introgression from R. ungernii were present at Tiryal Daga. 
These samples are all from a single population within 100m of one of 
the putative Fl R. ponticum x R. ungernii hybrid specimens discussed below. 
All these samples had long calyx segments indicating possible involvement of 
R. ungernii, and three samples (X6, X8 and X9) also have very sparse small 
hairs on the leaf underside. All the other morphological characteristics give a 
clear match for R. ponticum. The cpDNA and rDNA patterns of all these 
accessions match R. ponticum. 
iv) One accession was present at Tiryal Daga of R. ponticum showing both 
morphological and molecular signs of introgression from R. ungernii. The 
sample (TD-X7) had the long calyx lobes and sparse small hairs on the leaf 
underside which suggest introgression from R. ungernii. This sample also had 
an additive rDNA profile of the two species, and the cpDNA haplotype of R. 
ponticum. 
v) Two accessions of a putative Fl hybrid between R. ponticum and R. 
ungernii were present at Tiryal Daga. As table 6.1 shows, these plants have 
pink flowers which do, however, differ subtly in colour from R. ponticum. 
The ovaries are sparsely hairy and the leaves below appear glabrous, but are in 
fact covered in very small crisped hairs visible under a lens. The calyx lobes 
are long and similar to those of R. ungernii (plate 6.10). 
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Both individuals have the cpDNA type of R. ponticum but have an 
additive rDNA profile of both species. 
vi) Accessions of R. x sochadzeae (R. ponticum x R. caucasicum), taken from 
the large colonies at Artvin and Tiryal Daga all have similar morphology (as 
shown in table 6.1; and see plate 6.11) and in most cases identical molecular 
results. All three accessions from Tiryal Daga and eight of the ten from Artvin 
had an additive rDNA profile of both putative parents and the cpDNA-type of 
R. caucasicum. The remaining two from Artvin had the cpDNA and rDNA of 
R. caucasicum only. 
vii) Individual accessions of R. x sochadzeae, of which 2 were sampled at 
Tiryal Daga and one at Artvin, occur occasionally in proximity to specimens of 
R. ponticum, at slightly lower altitudes than are typical for large colonies of R. 
x sochadzeae. These accessions matched R. x sochadzeae in morphology, 
except that they grew taller than was typical for this taxon; this might, 
however, be due to the lower altitude at which they grew. The three accessions 
also varied in their molecular characterisation. One accession from Tiryal 
Daga had both the cpDNA and rDNA profiles of R. caucasicum, the other had 
the cpDNA haplotype of R. ponticum and an additive profile of both species. 
The sample from Artvin, in common with the populations of R. x sochadzeae 
higher up, had the cpDNA type of R. caucasicum and the combined rDNA 
profile of both putative parents. 
viii) R. ponticum and R. caucasicum form a hybrid swarm at the site above 
Camlihemsin. Six individuals were surveyed which were somewhere 
between R. ponticum and R. caucasicum in morphological and/ or molecular 
characters. Only one individual had the cpDNA type of R. ponticum; this 
individual was morphologically intermediate and had an additive rDNA 
profile. The other five specimens had the cpDNA type of R. caucasicum. Of 
these, two were morphologically intermediate and had additive rDNA 
profiles; however, one sample visualised bands of R. ponticum more strongly 
than those of R. caucasicum. Two other specimens were morphologically 
closer to R. ponticum, but visualised rDNA bands of both species with equal 
intensity. The final sample was closer to R. caucasicum in morphology and 
had the rDNA profile of only this species. 
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ix) Accessions of R. caucasicum possibly backcrossed from R. x sochadzeae 
were present at Artvin. These specimens occurred in the vicinity of both R. 
caucasicum and R. x sochadzeae and were morphologically intermediate 
between these taxa. The two samples both resembled R. caucasicum in their 
rDNA and cpDNA profiles. Accessions of this type were present in very low 
proportion at Artvin compared to R. caucasicum and R. x sochadzeae. 
x) Accessions of R. caucasicum which showed no morphological or molecular 
evidence of introgression were present at Ovit Daga, Artvin, Tiryal Daga and 
Camlihemsin. At Artvin and Camlihemsin the accessions of this species grew 
in close proximity to R. x sochadzeae. 
xi) Accessions of a putative R. caucasicum x R. smirnovii hybrid were present 
at Artvin (plate 6.7). The five accessions sampled were intermediate between 
the two species in morphology. All the samples expressed the 2.50 kb rDNA 
band whose presence distinguishes R. smirnovii from R. caucasicum. As 
discussed in 6.3, this indicates that the rDNA type is that of either R. smirnovii 
alone or both species combined. The samples, however, differed in their 
cpDNA type. Three samples had the cpDNA type of R. caucasicum, and two 
had the cpDNA type of R. smirnovii: 
xii) Accessions of R. smirnovii were present at Artvin and Tiryal Daga. 
N one of these showed any morphological or molecular characteristics which 
might indicate introgression, although it is acknowledged that introgression of 
rDNA from R. caucasicum could not be detected by this study. 
xiii) Accessions of pure R. ungernii were present at Tiryal Daga and Savval 
Tepe. Accessions were assumed to be pure if they had white flowers, unless 
molecular data indicated otherwise. Eight of the nine white-flowered 
specimens of this species sampled had the cpDNA and rDNA profiles of pure 
R. ungernii. 
xiv) One accession of R. ungernii showing molecular introgression from R. 
ponticum was present at Tiryal Daga. This individual was white-flowered and 
showed no morphological signs of introgression. It had, however, the cpDNA 
haplotype of R. ponticum and an additive rDNA profile of both species. It 
occurred at least half a kilometer from the FI hybrids described above, and at a 
lower altitude (c.1500m). 
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xv) Accessions of R. ungernii with pale pink flowers were present at Savval 
Tepe, mixed with equal numbers of white-flowered individuals, and R. 
ponticum. The four individuals sampled had the cpDNA and rDNA profiles 
of pure R. ungernii. 
xvi) Accessions of R. ungernii with pale pink flowers and showing nuclear 
signs of introgression were present at Tiryal Daga. These four individuals 
occurred with white-flowered R. ungernii, R. ponticum and occasional 
individuals of R. smirnovii in the vicinity. The samples' cpDNA types all 
matched R. ungernii, but all four expressed the 2.50 kb rDNA band unique to 
R. smirnovii and its presumed progeny. 
xvii) One accession resembling R. ungernii in all characteristics except for 
having deep pink flowers was present at Tiryal Daga. In cpDNA and rDNA 
profiles, and all morphological characters except flower colour, this individual 
was indistinguishable from pure R. ungernii. The corolla however was 
similar in colour to that of R. smirnovii (plate 6.9). 
xviii) One accession which resembled R. smirnovii in its short calyx lobes, but 
had a flower colour typical of pink flowered individuals of R. ungernii, was 
present at Tiryal Daga (plate 6.8). This accession had the additive rDNA profile 
of both species, and the cpDNA of R. ungernii. This accession is therefore 
considered to be a hybrid derivative of these two species. 
xix) One accession which molecular data indicated must be a hybrid involving 
R. ponticum and R. smirnovii was present at Tiryal Daga. This specimen 
occurred at a trackside (alt. c. 1500 m), with R. ponticum, R. ungernii and R. 
smirnovii in the vicinity. It had short calyx lobes and hairs on the ovary and 
ventral leaf surface, but its corollas had all fallen. Its cpDNA profile was that of 
R. smirnovii, and it exhibited both bands of the R. ponticum rDNA profile, 
together with the 5.49 and 4.71 kb rDNA bands common to R. caucasicum and 
R. smirnovii. Although the 2.50 kb band unique to R. smirnovii was not 
present, the most likely conclusion concerning this specimen is that it is a 
hybrid derivative of R. ponticum and R. smirnovii. 
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6.4. Discussion 
The research reported in this chapter has detected evidence of 
hybridisation between five pairs of Rhododendron species (subsect Pontica) in 
Turkey. This evidence is now discussed for each species pair in turn. 
6.4.1. R. ungernii x R. smirnovii 
The corolla of R. ungernii has long been known to vary in colour from 
pure white to "flushed pink" (Chamberlain, 1982; Stevens, 1978 and 
specimens at RB.G. Ed.). In some localities (e.g. the wood at Savval Tepe) 
pink-flowered individuals made up approximately half the population (pers. 
obs.). The pink colour tended to be of a shade intermediate between pure 
white and the shade typical of R. ponticum and R. smirnovii, except in one 
specimen, TD-RU, which exhibited a flower colour of a shade similar to that of 
R. smirnovii. 
All of the pink-flowered individuals possesed the cpDNA profile of R. 
ungernii. Four of the pink-flowered specimens (TD-X2, 3, 4 & 5) possessed the 
additive rDNA profile of R. ungernii and R. smirnovii, indicating that the 
latter species had contributed to their parentage (fig 6.1). Furthermore, 
accession TD-X5 also had short calyx lobes, and this accession is thus 
morphologically more similar to R. smirnovii than to white-flowered R. 
ungernii (plate 6.8) The evidence, therefore, indicates that TD-X5 is a hybrid 
derivative, possibly an F1 cross, between these two species, and that TD-X2, 3 & 
4 are backcrosses toward R. ungernii. Accession TD-RU also appeared to be 
intermediate between the two species in morphology (plate 6.9); however, no 
molecular evidence of such was detected. Several incidences have been 
reported of the loss of the rDNA phenotype of one parent in individuals 
which other data strongly indicate to be hybrids. Zimmer et al. (1988) 
examined the rDNA of 12 individuals of a cross between Zea mays and Z. 
luxurians with 2 restriction enzymes. The enzyme EcoR1 generated additive 
rDNA profiles for all individuals, but when screened with Sstl, four of the 
twelve lacked the Z. luxurians fragments and thus had a Sstl phenotype 
identical to Z. mays. Similarly, Fabijanski et al. (1990), using a random repeat 
sequence probe, found that a hexaploid Avena species showed rDNA profiles 
which did not contain all of the fragments of the parental species. In a third 
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Plate 6.8: flowers and leaf of acceSSlOn TD -X S, a putative R. 
R. ungernii hybrid. 
. . . 
smlrnOVIl x 
Note the short calyx lobes: and compare the colour of the leaf indumentull1 to 
plates 6.4 CR. ungcrnii) and 6.5 CR. sm irnovii). 
Plate 6.9 : acceSSlOn TD-RU, a putative R. smirnovii x R. ungernll hybrid. 
example, despite very strong evidence from other sources for the hybrid origin 
of Senecio cambrensis, only one of the six specimens from an Edinburgh 
population of this species showed an additive rDNA pattern (Harris & Ingram, 
1992). These authors suggest two possible explanations for this apparent 
anomaly: either one parent had earlier acquired the rDNA phenotype of the 
other, or one parent's rDNA was undetected because methylation prevented 
its digestion. The first of these explanations might account for the non-
expression of the rDNA phenotype of R. smirnovii in the accession TD-RU, 
but the enzyme Dra 1 is not sensitive to methylation. Therefore, the 
involvement of R. smirnovii in the ancestry of this accession cannot be 
proved, but is not discounted as a possibility. 
Thus at Tiryal Daga four of five pink-flowered specimens resembling R. 
ungernii appear to have acquired genes from R. smirnovii; however, no 
molecular evidence of introgression was detected at Savval Tepe. The 
morphological similarity between the pink flowered plants at this site and 
those at Tiryal Daga suggests that introgression from R. smirnovii is 
responsible for the pink colour in both cases. However, R. ponticum also 
hybridises with R. ungernii (see below) and could theoretically contribute 
genes conferring pink flower colour to R. ungernii through introgression. If R. 
ponticum was involved as a parent, then introgressed plants might be expected 
to exhibit other characteristics of this species, such as a reduction in leaf 
indumentum. In fact, the one individual of R. ungernii found which had the 
cpDNA of R. ponticum, and the combined rDNA patterns of both species 
produced white flowers, indicating that the pink colour from R. ponticum may 
be lost in backcrosses to R. ungernii. 
The most likely hypothesis, therefore, is that introgression from R. 
smirnovii is responsible for the existence of pink flowered individuals of R. 
ungernii. The two species co-occur over approximately half their respective 
altitude ranges, i.e. 1500-1850 (rarely to 2000) m. However, from personal 
observations, there would appear to be a definite ecological difference between 
the habitats occupied by the two taxa. R. ungernii was usually found in forests 
or shady places, and less commonly scrub which may have resulted from tree 
felling. It appears only to occur where there is a reasonable amount of topsoil 
present; it was never found on rocky outcrops. In contrast, R. smirnovii 
appeared to be almost restricted to rocky outcrops, at least in the lower part of 
its range. At Tiryal Daga above the treeline, dense colonies of R. smirnovii 
195 
occurred on the steeper rocky slopes below the ridges that ran down from the 
rocky peaks. In the valleys between these peaks pure colonies of R. x 
sochadzeae occurred, and were replaced by monocultures of R. caucasicum 
higher up; R. smirnovii was absent from these valleys. Below the treeline, the 
occurrence of R. smirnovii is often somewhat sporadic and probably 
determined by the frequency of rocky outcrops. No such habitats were seen in 
the small area of Savval Tepe visited, and consequently R. smirnovii was not 
found. Thus R. smirnovii and R. ungernii can and do occur in close proximity 
apparently without competing with one another, at least for growing sites. 
It would seem reasonable to assume that introgression between R. 
smirnovii and R. ungernii has occurred occasionally over a considerable 
period of time, possibly since they originated or arrived in NE Turkey. 
Although a survey of 15 individuals of R. ungernii is rather limited for 
drawing any firm conclusions some suggestions can be made concerning the 
introgression of morphological and molecular markers. Of nine pink-
flowered individuals collected, only four contained the rDNA of R. smirnovii 
in addition to that of R. ungernii. This would suggest that the pink flowers 
persist longer after introgression than the rDNA of R. smirnovii. This may be 
the result of non-expression of the rDNA of R. smirnovii in some hybrid 
derivatives, as discussed above in regard to the specimen TD-RU. It is also 
possible that the polymorphism between pink and white flowers has existed in 
R. ungernii for many generations, and that the rDNA acquired from R. 
smirnovii has been lost through concerted evolution (Li & Graur, 1991; Hamby 
& Zimmer, 1992) over this time, and is therefore only expressed in more 
recently introgressed individuals. A more extensive study involving a greater 
number of independent nuclear markers would be required to investigate the 
level of contribution from R. smirnovii to the genome of the pink-flowered 
individuals of R. ungernii, and whether R. smirnovii is always involved in 
the ancestry of these individuals. 
One other individual was noted which resembled R. smirnovii in 
flower colour but had long calyx lobes as is usual for R. ungernii; molecular 
data for this individual was not obtained. No molecular data was generated by 
this study which indicated introgression from R. ungernii into R. smirnovii; 
however it is possible that this is because a small number of individuals of R. 
smirnovii (six) were examined in areas where it occurred in proximity to R. 
ungernzl. 
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6.4.2. R. ponticum x R. ungernii 
According to the cpDNA phylogeny of subsection Pontica (Chapter 3), 
the haplotypes of R. ponticum and R. ungernii are more closely related to one 
another than are other pairs of Rhododendron species in Turkey. 
No mention of the hybrid between these two species was made by 
Chamberlain (1982) or Stevens (1978) and it would appear that it had not been 
recorded in the wild before the present study. Two individuals of the hybrid 
were found at Tiryal Daga approximately 1 km apart, in Rhododendron scrub 
where R. ponticum was abundant and R. ungernii frequent. Accession TD-XX 
occurred at c.1600m and TD-XY at c.17S0m. Both specimens were recognised as 
hybrids of these two species by morphological characteristics alone; they 
possessed the long calyx lobes of R. ungernii, and the near-glabrous ventral leaf 
surface of R. ponticum. Although the leaves appeared completely glabrous to 
the naked eye, inspection with a hand lens indicated the presence of very small 
crisped hairs on their ventral leaf surfaces. The ovaries of these two specimens 
were more sparsely hairy than in R. ungernii, R. smirnovii or R. caucasicum. 
The flowers were slightly paler in colour than those of R. ponticum, and the 
young leaves resemble those of R. ungernii in that they stand upright and are 
inrolled laterally, producing a "cigar shape" (plate 10). In overall phenotype, 
the plant looks less like R. ponticum, in the field, than might be suggested 
from the differences recorded (plate 10). 
The molecular data also identified both specimens as hybrids between R. 
ponticum and R. ungernii. Both possessed the cpDNA of R. ponticum and 
and exhibited an additive rDNA profile that included all the fragments of the 
two respective parents. 
Molecular evidence was obtained of backcrossing for two other 
accessions, although based on morphology alone, a larger number of accessions 
appeared to be products of introgression into R. ponticum. The accession TD-
X7 resembled R. ponticum in morphology much more closely than did TD-XX 
or TD-XY, but surprisingly also exhibited the additive hybrid rDNA pattern. 
Nine other samples, which resembled R. ponticum except for possessing calyx 
lobes over 3 mm long, hairs on the ovary and/or hairs on the leaf underside, 
exhibited no molecular evidence of introgression having occurred. By 
contrast, no specimens were found that showed any morphological signs of 
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Plate 6 .10: acceSSlOn TD-XY, a putative R. ponticurn. x R. ungernll hybrid. 
Right: habit of plant 
Below: close-up of 
flowers; note long 
calyx lobes . 
backcrossing towards, or introgression into, R. ungernii. However, one white-
flowered individual of R. ungernii (DM-U2), selected at random for collection, 
was found to have the cpDNA of R. ponticum and an additive pattern of both 
species' rDNA. 
All the specimens which resembled R. ponticum more closely than R. 
ungernii (i.e. the accessions TD-X7, TD-X8, TD-X9, TD-XI0, TD-Xll and TD-X6) 
occurred in close proximity to one of the putative Fl specimens, TD-XY (i.e. 
within 50 m; in the area depicted in plate 6.2). It is suggested that these plants 
form an introgression series, and that in this area other R. ponticum x. R. 
ungernii hybrids presumably exist, or have existed in the past. Field 
observations indicated that pink-flowered individuals of R. ungernii which 
occurred in this vicinity might be part of an introgression series towards R. 
ungernii, however molecular analysis showed that all four such samples 
collected (TD-X2, 3, 4 and 5) had probably acquired the pink colouring by 
introgression from R. smirnovii (see 6.4.1). 
It is curious that the only evidence detected of introgression towards R. 
ungernii was molecular, while introgression into R. ponticum was much 
more commonly indicated by morphological characteristics. From the limited 
survey conducted, it would appear that R. ponticum is favoured as the 
maternal parent in crosses between the two species. 
6.4.3. R. smirnovii x R. caucasicum 
According to the altitude ranges reported by Stevens (1978) R. smirnovii 
is the only species whose altitude range overlaps that of R. caucasicum (at 
(1750-) 2000 to 2200 m). The only other taxon which tends to occur in this 
altitudional range is R. x sochadzeae. On Tiryal Daga, populations of R. 
caucasicum and R. smirnovii occur for the most part separately in this altitude 
range, with R. smirnovii being present on the steep rocky slopes under the 
spurs which tower 100m above the grassy slopes between them (plate 6.1). On 
the grassy slopes, R. caucasicum occurs, but is replaced by pure patches of R. x 
sochadzeae from 2100-2200m downwards. There appears to be little direct 
contact between popUlations of R. caucasicum and R. smirnovii in this area, 
and no putative hybrids were recorded. 
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On the hill above Artvin, however, the situation was different. This 
hill was only c.l00m above the treeline at its summit, and the area above the 
treeline covered approximately 1-2 km2. In this area were found R. smirnovii, 
R. caucasicum and R. x sochadzeae, whilst R. ponticum occurred commonly 
under the trees below. Unlike at the Tiryal Daga site, there was no clear 
zonation of species above the treeline, and the species occurred in mixed 
populations together. At this site a group of individuals with morhology 
intermediate between R. smirnovii and R. caucasicum was found. Seven 
plants were collected, and molecular information was obtained for five of 
these. The specimens were more or less intermediate between R. caucasicum 
and R. smirnovii in morphology: the flowers were pale pink; the ovary was 
densely covered in off-white hairs and the underleaf indumentum was dense 
and appressed, though not as strongly so as in R. caucasicum (plates 6.5, 6.6 & 
6.7). The latter two characteristics clearly distinguished these plants from R. x 
sochadzeae and thus ruled out R. ponticum as a likely parent. The plants were 
low-growing shrubs, and in this respect resembled R. caucasicum, although R. 
smirnovii also exhibited a fairly low-growing habit in this vicinity. 
All five specimens exhibited the rDNA profile of R. smirnovii, which as 
mentioned previously (6.3.3) can mask the rDNA profile of R. caucasicum. 
Thus the rDNA evidence confirmed that R. smirnovii was one parent. Three 
of the accessions possessed the cpDNA of R. caucasicum while two had that of 
R. smirnovii. Thus, the molecular evidence confirmed that three samples 
were hybrids with R. caucasicum having acted as the maternal and R. 
smirnovii as the paternal parent. The other two samples were also probably 
hybrids having R. smirnovii as the maternal parent and, based on 
morphological characteristics rather than rDNA, R. caucasicum as the paternal 
parent. 
The natural occurrence of the hybrid between R. caucasicum and R. 
smirnovii, which has been produced horticulturally and tentatively identified 
from specimens at R.B.G.E., is thus confirmed by the research conducted. All 
the accessions of this hybrid present of Artvin occurred in a single patch, 
which suggested that they might be the progeny of a single crossing event. For 
this to be the case, then biparental chloroplast inheritance must have occurred; 
the alternative explanation is that they are the progeny of more than one 
crossing event and occur together by chance or because a microhabitat exists 
here to which the hybrid is well-suited. 
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6.4.4. R. ponticum x R. smirnovii 
Evidence of the existence of the hybrid between R. ponticum and R. 
smirnovii was obtained from the molecular analysis of a single accession, TD-
Q1, collected below Tiryal Daga, at 1400m. The flowers of this specimen were 
already over at the time of collection, however morphologically it had short 
calyx lobes and hairy ovaries, and the leaves appeared pubescent on the ventral 
surface. This specimen has the cpDNA of R. smirnovii, and exhibited in its 
rDNA profile the bands of R. ponticum together with the two bands (5.49 and 
4.71 kb) that R. smirnovii and R. caucasicum have in common; however, the 
2.50 kb band which is unique to R. smirnovii was absent. There are two 
possible explanations for this result. The first is that the rDNA pattern is an 
additive one of R. ponticum and R. caucasicum, and the cpDNA of R. 
smirnovii was acquired during a previous episode of chloroplast capture. 
This is unlikely, especially as the accession occurred 300m lower than the 
lower edge of the normal range of R. x sochadzeae. The second explanation is 
that the specimen is a hybrid involving R. ponticum and R. smirnovii, in 
which for some reason the 2.50 kb fragment is not visualised. The possibility 
that the rDNA profile of one species might be lost in a hybrid derivative has 
already been discussed (6.4.1); however, the situation regarding R. ponticum 
and R. smirnovii differs in that the loss of a single band from the rDNA profile 
of the latter species is being hypothesised. 
Concerted evolution may not act on all portions of the rDNA sequence 
at the same rate; some portions of an introgressed rDNA genome may be lost 
more quickly than others, if recombination occurs within this region then it is 
possible that part of the introgressed rDNA sequence is retained while another 
part is lost. This could occur at random or be affected by differing selection 
pressures on different portions of the rDNA genome. The portion which gives 
rise to the 2.50 kb fragment might be more deleterious in combination with R. 
ponticum's DNA than others. Alternatively, the portion of the R. smirnovii 
rDNA genome which produces the 2.50 kb band could be more divergent from 
the equivalent region in R. ponticum than are other regions of rDNA in R. 
smirnovii, which again could lead to the presence of heterologous sequences 
in this region becoming more deleterious than elsewhere. Either of these 
possibilities could cause differential selection on different portions of the 
rDNA of one or both species in a hybrid, causing certain regions and their 
markers to be lost in fewer generations than others. Another possibility is that 
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the 2.50 kb fragment could itself have been destroyed by a recombination 
event. 
Schaal & Learn (1988) reported that rDNA sequences may vary within 
an individual, and thus the possibility exists that the portion of rDNA 
sequence which gives rise to the 2.50 kb fragment is less numerous in the 
genome of R. smirnovii than those which give rise to the 4.71 and 5.49 kb 
bands. If this were the case, then the sequence giving rise to 2.50 kb band 
would be transmitted in lesser numbers into hybrids of R. smirnovii and 
might then be lost more rapidly through concerted evolution. 
There are thus several plausible explanations for the absence of the 2.50 
kb fragment in a hybrid derivative between R. ponticum and R. smirnovii. It 
is suggested, therefore, that this accession is a hybrid derivative of R. ponticum 
and R. smirnovii of unknown generation, and in which the involvement of 
other species is not ruled out. The hybrid between R. ponticum and R. 
smirnovii has been produced horticulturally (Stevens, 1978); however as both 
species are pink-flowered and have short calyx lobes, their hybrid would 
probably be more difficult to detect in the field than hybrids between species 
which differ in flower colour. 
6.4.5. R. ungernii x R. caucasicum 
No evidence was obtained for the existence in the wild of the hybrid 
between R. ungernii and R. caucasicum. R. ungernii rarely if ever occurs 
above the treeline, and is therefore spatially isolated from R. caucasicum. Both 
species are white flowered with a white to pinkish leaf indumentum, and 
hybrids between them would be difficult to identify. The parent species differ 
principally in calyx lobe length and size characters, although size characters 
vary with situation. It is possible that hybrids between these two species exist 
but are rare, and may have been overlooked by myself and previous visitors to 
areas where both parent species occur. 
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6.4.6. R. x sochadzeae (R. ponticum x R. caucasicum) 
6.4.6.1. Ecology of R. x sochadzeae 
Rhododendron x sochadzeae (plate 6.11) is the only Rhododendron 
hybrid previously known and described from Turkey, and it is very unusual in 
that it is a hybrid which regularly forms populations in a specific and well-
defined habitat. Populations of this hybrid can be found from 1700 to 2400m, 
thus extending 300m above where even the higher outliers of R. ponticum 
occur. From 1700 to 2000m R. x sochadzeae is much more common than R. 
caucasicum, which tends to be restricted at these altitudes to unusually cold 
places, such as around snow patches and in frost pockets. 
Stevens (1978) was only aware of the occurrence of this hybrid in areas 
where R. smirnovii and R. ungernii were also present along with R. ponticum 
and R. caucasicum, and thus advised that work was needed to confirm the 
hybrid's parentage. 
Collections of R. x sochadzeae from Tiryal Daga and Artvin were from 
populations where the plants agreed with the field descriptions given by 
Stevens (1978): "The Turkish material shows little variability and is 
±intermediate between the parents". On Tiryal Daga the plant behaves much 
as Stevens (1978) observed on Savval Tepe: "forms a narrow belt between the 
R. caucasicum and R. ponticum.". A different situation was encountered, 
however, in a valley above Camlihemsin where R. caucasicum occurred at 
c.1700m, only in the trough of the valley and often beside snow-patches (plate 
6.12), and was surrounded by extensive colonies of R. ponticum. Here, there 
was no zonation between the species, and the two appeared to be hybridising 
freely and backcrossing in both directions. Molecular analysis of the collections 
made provided the opportunity to investigate the apparently stable and also 
freely backcrossing populations of R. x sochadzeae. 
6.4.6.2. Molecular analysis of R. x sochadzeae 
Three samples of R. x sochadzeae from Tiryal Daga and eleven from 
near Artvin possessed the cpDNA of R. caucasicum, and all but two exhibited 
the additive rDNA fragment profile of R. caucasicum and R. ponticum. The 
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Plate 6 .11 : a typical individual of R . x. sochadzeae (R. ponticum x R. 
caucasicum) from the large population on Tiryal Daga (plate 1). 
Plate 6 .12: the steep-sided valley above Camlihemsin where R. 
ca ucas i c um (white -flowered shrubs in foreground) occurs in small 
numbers surrounded by populations of R. ponticum. 
other two accessions expressed only the rDNA fragments from R. caucasicum. 
Two further samples of the taxon from lower altitudes on Tiryal Daga, and 
located closer to pure R. ponticum, exhibited different molecular phenotypes. 
One (TD-Q) possessed no molecular markers of R. ponticum at all, while the 
other (TD-AZ) contained the cpDNA of R. ponticum and the rDNA fragments 
of both parent species. 
The accessions from Camlihemsin were much more variable in their 
molecular phenotype as well as in morphology, however only one of the six 
contained the cpDNA of R. ponticum. The greater molecular variation 
exhibited by these plants is consistent with the suggestion that the population 
at Camlihemsin represents a hybrid swarm, although more investigation is 
required to prove this 
Overall, the results of the molecular analysis showed that the parents of 
R. x sochadzeae are indeed R. ponticum and R. caucasicum, and that R. 
caucasicum is strongly favoured as the maternal parent. 
6.4.6.3 Why is R. x sochadzeae so abundant? 
Rhododendron x sochadzeae forms extensive populations in areas such 
as Tiryal Daga, where it is a common component of the flora under the right 
conditions (plate 6.1). By contrast, only isolated individuals, or in one case a 
discrete group of 10 specimens, were found of the intermediate forms of the 
other four hybrid combinations detected. This is all the more surprising given 
that R. ponticum and R. caucasicum form the only species pair whose altitude 
ranges do not generally overlap, apart from R. ungernii and R. caucasicum, 
between which no hybrids were detected. 
There are a number of possible explanations why R. x sochadzeae might 
be so successful compared to the other hybrids. One possibility is that R. 
ponticum and R. caucasicum are more closely related to one another than any 
other pair of Turkish Rhododendrons and for this reason cross more readily. 
However, the cpDNA phylogeny for Rhododendron (subsection Pontica) 
reported in Chapter 3 does not lend support to this idea. Instead, it tentatively 
suggests that R. ponticum and R. ungernii are the two species most closely 
related to one another, and provides 70% bootstrap support for a clade 
203 
including these two species, but excluding R. caucasicum. Moreover, Lack 
(1995) has demonstrated that it does not necessarily follow that the most 
closely related species in a group are the most prone to hybridisation. He 
showed that, amongst four Polygala species recognised in Britain, P. vulgaris is 
most closely related to P. serpyllifolia and yet this latter is the only British 
species with which P. vulgaris will not hybridise. 
A second possibility is that R. ponticum and R. caucasicum are the two 
species which exhibit the weakest barriers to hybridisation. Other studies 
(Cruzan & Arnold 1994, Keirn et al. 1989) have illustrated how one species of a 
hybridising pair may have greater mating discrimination than the other, 
which can result in unidirectional introgression towards the less 
discriminating species. Rhododendron ponticum may show the weakest 
discrimination of any Turkish Rhododendron species as it crosses naturally 
with all three other Turkish species and is readily introgressed by R. ungernii 
as well as several cultivated species in the British Isles. Rhododendron 
caucasicum appears to exhibit greater mating discrimination in that it was not 
observed to cross with R. ungernii, and there was no evidence of it engaging in 
backcrossing with hybrids it had formed with R. smirnovii. 
The predisposition R. ponticum and R. caucasicum to cross with one 
another may result from the fact that their natural ranges do not normally 
overlap, whereas those of the other four species pairs observed to produce 
hybrids do. It is feasible that prezygotic barriers to crossing evolve more 
strongly between species with overlapping ranges, relative to species with non-
overlapping ranges. 
Hybrids are likely to be at a greater selective disadvantage in areas 
within the distributional range of their parents, due to competition with 
parent individuals. However, at the extremes of a parent species' range, the 
fitness of parent individuals might be reduced. This could be partly due to the 
fact that peripheral populations of a species may be prevented from evolving 
optimal adaptations to local conditions due to gene flow from the central 
populations (Garcia-Ramos & Kirkpatrickt 1997). Thus, in such areas hybrids 
may be better adapted to local conditions than either parent, provided that the 
range of each parent species is limited by different and preferably opposite 
conditions. Moreover, at the edge of a species' range, there are more likely to 
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be microhabitats which a species can not exploit, providing opportunities for 
hybrids to establish without directly competing with parent individuals. 
A third explanation for the abundance of R. x sochadzeae relative to the 
other four hybrids may stem from its possible greater hybrid fertility. It is 
possible that R. x sochadzeae is as fertile as either parent and can thus 
regenerate freely, while other hybrids are prevented from perpetuating 
themselves due to their limited fertility or fecundity. However, in the case of 
R. ungernii x. R. smirnovii and R. ungernii x R. ponticum, introgressed 
individuals appeared to be more common than apparent Fl crosses, suggesting 
that the rarity of Fls, and not their fertility, restricts the occurrence of these 
hybrids. No backcrosses were recorded in the vicinity of R. smirnovii x R. 
caucasicum hybrids so limited fertility may be a cause of the rarity of this 
particular hybrid. 
A fourth suggestion is that it is hybrid fitness, rather than ease of 
production or fertility, which determines the frequency of R. x sochadzeae. R. 
x sochadzeae may be more common than other hybrids because under certain 
circumstances the combination of ecological characteristics of its parents gives 
it an advantage over all other Rhododendron taxa. My observations and those 
of Stevens (1978) support the suggestion that R. x sochadzeae is able to exploit 
an ecological niche to which it is better suited than either parent. Other 
hybrids may not have available such habitats which they can exploit better 
than one of their parents. In the population above Camlihemsin, the typical 
habitat of R. x sochadzeae did not exist, and this may be the reason why there 
occurred instead a range of intermediate phenotypes, with no particular 
phenotype predominating. 
The idea that R. x sochadzeae is the only hybrid able to occupy a specific 
habitat different to that occupied by either parent is perhaps the most 
important although not the only cause of its abundance. In particular, it 
would not explain why backcrosses at most sites appear to be much rarer than 
the intermediate type. 
When conditions allow hybrids to be formed in sufficient numbers, the 
opportunity would exist for them to breed with one another rather than a 
parent, and this might be assisted by pollinator choice, or greater proximity in 
habitat or flowering period. This might explain an increased ratio of 
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intermediate types to backcrosses (relative to situations where a smaller 
number of FIs are formedt but does not explain the rarity of backcrosses 
observed at Tiryal Daga and Artvin. Moreover, the populations of R. x 
sochadzeae at areas like Tiryal Daga are more uniform in morphology than 
would be expected for the progeny of crosses between FI individuals, and there 
is apparently little segregation of morphological characteristics. The absence of 
backcrosses, and of morphological variation due to segregation, is discussed in 
the following section. 
Taken overall, the best hypothesis for the existence and success of R. x 
sochadzeae would appear to be as follows: a distinctive niche for the hybrid 
exists at the point where parent species' ranges overlap and both parents 
exhibit reduced fitness. Hybrids which form, apparently more commonly by R. 
ponticum pollinating R. caucasicum, thrive in this area, being better adapted to 
this niche than any other taxon. If the intermediate types are also more 
successful than backcrosses to either parent (discussed below), then the most 
successful progeny of one of the FI hybrids would be that formed with another 
similar individual. The key would then be whether or not FIs existed in 
sufficient numbers, and with high enough fertility to allow successful cross-
fertilisation and offspring production to occur. If this was so, the population of 
intermediates would expand to the situation we see today, forming a virtual 
monoculture in the narrow altitude range between both parents. Interestingly, 
R. x sochadzeae also coexists easily with R. smirnovii, which thrives at similar 
altitudes, perhaps because of R. smirnovii's preference for steeper, more rocky 
situations. 
6.4.6.4 Why are backcrosses and variable segregants apparently so rare in large 
R. x sochadzeae populations? 
None of the arguments advanced in 6.4.6.3. explain the virtual absence 
of backcrosses from the upper or lower edges of the R. x sochadzeae zone, nor 
do they explain the absence of the morphological variation due to segregation 
which is normally observed in the progeny of crosses between FI hybrids. The 
morphology of this hybrid appears to be remarkably consistent. Stevens (1978) 
remarks that the plants at Tiryal Daga and Savval Tepe show little variation, 
and my observations on Tiryal Daga indicated that as one ascends in altitude R. 
ponticum is replaced by R. x sochadzeae, which higher up is, in turn, replaced 
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by R. caucaSlcum. The sheer number of individuals present (probably tens of 
thousands) and their dominance of the area makes it inconceivable that all are 
Fl crosses between R. ponticum and R. caucasicum. There is no visible zone of 
morphological transition between R. x sochadzeae and either parent, and this 
seems to be a situation quite unprecedented in studies of homoploid hybrid 
zones. The variable structures of hybrid zones have been reviewed by Arnold 
(1992), Barton & Hewitt (1985, 1989t and Harrison & Rand (1989), but none 
were described which resemble the apparent situation in R. x sochadzeae. 
If backcrossing to either parent is prevented by some means, then it is 
possible to hypothesise a mechanism by which segregation would reduce in 
intensity in a large hybrid population. If morphological characters such as 
flower colour are under polygenic controt then the phenotypic effects of 
segregation will be lessened as recombination during each generation causes 
the dissociations of groups of genes promoting each polygenically controlled 
species-specific characteristic. Hence genetic variation is retained, but its 
random distribution across individuals tends to homogenise morphological 
characteristics, causing comparatively low morphological variation to be 
observed, relative to early generation hybrids. This was observed for the 
hybrid species Cardamine insueta (Urbanska et al., 1997). Therefore it is 
suggested that the apparent absence of segregants in the larger populations of 
R. x sochadzeae is actually an indication that these populations are old, and 
that recruitment of new Fl individuals is much rarer than offspring 
production between two individuals of R. x sochadzeae. Recruitment of Fls at 
sites such as Tiryal Daga should be limited by the physical separation of 
populations of the parent species by the zone of R. x sochadzeae itself. This 
hypothesis requires offspring production between two individuals of R. x 
sochadzeae to be much more common than their matings with individuals of 
either parent, as well as than the production of new Fls. Thus if the rarity of 
backcrosses can be explained then this theory provides an explanation for the 
low levels of segregation observed in R. x sochadzeae. 
Barton & Hewitt (1985, 1989) argued that the majority of hybrid zones 
are what they described as "Tension zones", in which gene dispersal from 
different "populations" (they refused to accept that species can ever exchange 
genes) into the zone is balanced by some form of selection against hybrid 
genotypes, which may take the form of partial prezygotic or postzygotic 
barriers, but is independent of the local ecological conditions. An empirical 
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example of such a zone was provided by the toad Bombina (Syzmura et £L 
1986). 
The alternative theory is that of a Dispersal-Independent Cline (or 
ecotone), in which environmental conditions, which vary along a cline 
between those ideal for one parent to those ideal for the other, determine 
which hybrid/backcross genotype occurs. Therefore, in certain ecological 
conditions the hybrids will have greater fitness than either parent (Moore, 
1977). One good example of an ecotone has been reported between two fish of 
the genus Fundulus (Duggins et al. 1995), which occupy different habitats on 
coastal waters of east N. America but interbreed freely where the transition 
between these habitats occurs. Howard et al. (1993) also found no selection 
against hybrids in areas where northern and southern cricket species meet. 
Hybrids between Iris fulva and I. hexagona have apparently lower pollen 
viability, but can occupy habitats intermediate between those of their parents 
and bidirectional introgression has been demonstrated (Arnold et al. 1990). 
Hybrids between plant species are frequently subject to negative intrinsic 
selection, such as through reduced hybrid fertility, as is required for the tension 
zone model. However, the second requirement of this model, that the two 
species/populations concerned should have similar ecological requirements, is 
rarely if ever true of two plant species capable of hybridisation. A good 
example of this is the Iris hybrid zone studied by Cruzan & Arnold (1994), 
where the two species concerned occur in very different habitats, but the 
production of hybrid progeny is limited by the high abortion rate of 
intermediate genotypes. 
It is probable that the majority of hybrid zones in nature fall some way 
between the tension zone and ecotone models and are affected to some extent 
both by ecological conditions and intrinsic selection against intermediates. For 
example, both models were shown to apply to a hard-clam (Mercenaria) hybrid 
zone by Bert & Arnold (1995). 
Both tension zone and ecotone models show sigmoidal distributions of 
alleles across the hybrid zone (Barton & Hewitt, 1989, Barton & Hewitt, 1985), 
although the two models differ subtly in the expected shapes of their respective 
curves. The crucial point of this is that the cline is always steepest in the 
middle of the zone, where the Fl, intermediate or heterozygote types occur. It 
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is in this respect that R. x sochadzeae differs from normal hybrid zones, as its 
morphological characteristics appear to change steeply at either edge of the 
hybrid zone, and are very constant at its centre. The observed situation is 
different from what would be predicted by an ecotone model, i.e. a gradual 
change in phenotypes with changing altitude. Instead, under this model, the 
observed situation suggests two abrupt changes in ecological conditions at the 
upper and lower edges of the region where R. x sochadzeae replaces the parent 
species. This is at least possible at the lower edge of the zone occupied by R. x 
sochadzeae, as this appears to correspond closely with the treeline at both 
Artvin and Tiryal Daga, below which only isolated individuals of R. x 
sochadzeae were observed and above which no plants of R. ponticum occurred 
(pers. obs.). However, there is no visible sign that such a discontinuity might 
exist at the upper edge of the R. x sochadzeae zone, although this does not 
wholly rule out the possibility. Even if abrupt ecological discontinuities do 
delimit the R. x sochadzeae zone, the ecotone model still does not explain the 
absence of limited numbers of backcrosses, and therefore neither backs up the 
theory presented above for the absence of segregants, nor offers an alternative. 
The tension zone model predicts that the intermediate types should be 
the least viable and frequent, which is the opposite of what is observed for R. 
ponticum and R. caucasicum. Although it seems certain that R. x sochadzeae 
itself is unaffected by any form of negative selection, it is possible that the 
backcrosses from this to either putative parent are heavily selected against. 
Thus, a possible hypothesis for the observed situation is that tension zones 
exist between R. x sochadzeae and both its parent species. 
A few studies have demonstrated selection against backcrosses, although 
never in both directions. Bert and Arnold (1995) found that in a clam 
(Mercenaria) hybrid zone, one backcross appeared to be subject to slight 
positive selection, the intermediate types to slight negative selection, but the 
other backcross to much greater negative selection. Keirn et al. (1989) found 
that hybrids between Populus fremontii and P. angustifolia appeared only to be 
able to form viable offspring with the latter parent, whilst backcrosses to the 
former failed to reach maturity. Their data suggested a hypothesis that alleles 
from P. angustifolia become deleterious when isolated amongst genes of the 
other species. A later study (Paige & Capman 1993), also showed that the Fls 
(and P. fremontii) had greater pest-resistance than pure P. angustifolia, or later 
backcrosses in that direction. Thus one backcross is prevented genetically, and 
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later backcrosses in the other direction have a selective disadvantage compared 
to the Flo It is thus possible to conceive of mechanisms in regard to R. x 
sochadzeae which might select against backcrosses in one or both directions. 
In contrast to the situation at Tiryal Daga, the current study has 
demonstrated that in populations such as that at Camlihemsin, backcrosses do 
occur in considerable quantity. The population at Camlihemsin differed from 
the others observed in that R. caucasicum was present in very small numbers 
and in close proximity to large populations of R. ponticum. Thus it appears 
that the occurrence of a "pocket" or outlier of one species within the area 
normally occupied by the other leads to a different pattern of hybridisation to 
that observed in areas where the species' ranges meet or overlap. Such a 
situation has also been observed in a study of two races of salamander (Wake 
et al., 1989). It was found that hybridisation between the two races did not 
normally occur where their ranges met; however, in one place where a small 
outlier of one race was surrounded by the other race, hybridisation and 
backcrossing was frequent. 
Therefore, if a mechanism could be proposed which restricts the 
occurrence of backcrosses in the vicinity of the large R. x sochadzeae 
populations, but not in areas where it occurs in small numbers, it would offer 
the best explanation for the observed situation. There are three possible 
mechanisms for this. The first is that some form of intrinsic negative selection 
against backcrosses is operating, as suggested in the discussion and references 
above. The second possibility is that an ecological factor restricts the 
occurrence of backcrosses, and one such possibility is pollinator choice amongst 
flower-constant insects (Rieseberg & Wendel, 1993; Straw, 1955; but see Wolfe 
& Elisens, 1995). This mechanism could conceivably affect larger populations 
but not small ones such as that at Camlihemsin, where there are insufficient 
individuals of R. x sochadzeae (or R. caucasicum) to generate a visiting habit 
amongst pollinators. The third possibility is that the large populations of R. x 
sochadzeae are in fact polyploid. 
Polyploidy is rare in subsection Pontica and its allies (Janaki-Ammal et 
al., 1950), but the possibility is still worthy of consideration. The situation 
could be hypothesised to resemble that amongst species of Spartina in S. 
England. The tetraploid Spartina anglica arose from diploid populations of the 
hybrid S. x townsendii whose progentitors are S. maritima and S. alterniflora 
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(Goodman et £.L 1969, Marchant, 1968; Raybould et £.L 1991a). The diploid and 
tetraploid hybrid derivatives formerly occurred in mixed populations 
(Goodman et ElL 1969), although the diploid is now much more restricted in 
occurrence (Raybould et £.L 1991b). Backcrosses from the tetraploid S. anglica 
to a parent species (S. alterniflora) have been found just twice (Goodman et 
al.1969) and thus appear to be very rare. This situation, however, differs from 
that of R. x sochadzeae in that the F1 hybrid S. x townsendii is extremely 
difficult to produce (Goodman et £.L 1969; Raybould et £.L 1991a) and thus does 
not appear to arise wherever the parent taxa meet as is the case for R. x 
sochadzeae. Also noteworthy is the situation observed in Cardamine 
(Urbanska et ElL 1997), whereby a triploid hybrid occurs sympatrically with its 
two diploid progenitors and has apparently arisen from multiple origins. The 
hybrid, C. insueta, behaves as a species and rarely produces fertile backcrosses 
with either parent. This situation resembles R. x sochadzeae in so far as 
backcrossing is rare from a hybrid with multiple origins, but differs in that the 
hybrid C. insueta is always at a different ploidy level from the parents and 
backcrossing is inhibited in all cases, rather than only in certain populations as 
in R. x sochadzeae. 
It is therefore possible that the large populations of R. x sochadzeae are 
dominated by polyploids, which thus are rarely able to produce viable offspring 
with either parent species, and could outcompete any new F1s whose seed 
arrives in their zone of occurence. In areas where R. caucasicum and R . 
. 
ponticum occur in close proximity in the absence of the polyploid, homoploid 
hybridisation followed by backcrossing could occur unhindered by 
competition, as is observed at Camlihemsin. A chromosome count of R. x 
sochadzeae, which is not yet available, is to be attempted by staff at RB.G. 
Edinburgh (Dr. D. Chamberlain, pers. comm.). If the polyploid hypothesis is 
correct, then an additional question which could be addressed is, did the 
polyploidy event occur just once? If so, the descendants must then have 
spread laterally (in a manner similar to Spartina anglica) to occupy suitable 
habitats on other mountains, outcompeting the diploid hybrid swarms 
between R. ponticum and R.caucasicum as it did so. Alternatively, if 
polyploidy was more easily achieved by hybrid derivatives of R. ponticum and 
R. caucasicum, then many such events may have occurred, such as has been 
shown sympatrically for Cardamine insueta (Urbanska g1 ~ 1997), and 
allopatrically for species such as Tragopogon mirus (Soltis & Soltis, 1991), and 
Senecio cambrensis (Ashton & Abbot 1992). Molecular markers could be used 
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to resolve this question. The molecular results from the present study are not 
sufficently extensive to address the question of whether the populations are 
polyploid. 
There are, therefore, many interesting aspects of the biology of R. x 
sochadzeae which would reward further study. Whether or not the plants are 
found to be polyploid, a more extensive study involving a large number of 
nuclear markers covering a range of altitudes and localities would be desirable 
to improve our understanding of the maintenance of these populations. 
6.4.6.5. Is R. x sochadzeae a species? 
The question of whether R. x sochadzeae might be regarded as a species, 
hinges in part upon whether it is polyploid in some of its populations. If it is, 
then the polyploid, which presumably would be reproductively isolated from 
R. caucasicum and R. ponticum, might be considered to be a separate species. 
The diploid hybrid on the other hand, would presumably be able to backcross 
with either parent and would retain the name R. x sochadzeae. This would be 
more or less analogous to the treatment of the tetraploid Spartina anglica and 
its diploid progenitor S. x townsendii (Goodman et al., 1969, Marchant, 1968; 
Raybould et al., 1991) However, if R. x sochadzeae is shown to be uniformly 
diploid then it is less clear what taxonomic status might be appropriate. The 
following discussion concerns how R. x sochadzeae might be treated if this 
should be the case. 
Although R. x sochadzeae is certainly a hybrid in its origin, some taxa of 
hybrid origin (notably the Gilia species created by Grant (1966) and the "York 
Radiate Groundsel" (Irwin & Abbott, 1992» have undoubtedly existed for less 
time than some populations of R. x sochadzeae. It is not reproductively 
isolated from its parents, but few individuals exist which bridge the 
morphological gap to either original parent. In this respect it might be said to 
resemble Iris fu1va, which shows interfertility and produces hybrids with two 
other species in sympatry (I brevicaulis, (Cruzan & Arnold, 1994); and I 
hexagona (Arnold et al., 1990». 
The consistent morphology of individuals of R. x sochadzeae suggests 
that a morphometric analysis of specimens of it and its parent species would 
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yield a tri-modal distribution of characteristics, which would normally only be 
expected if either F1s were always sterile or the hybrid had become 
reproductively isolated from both parents. Treating it as a variety or subspecies 
would only produce additional problems by arbitrarily attaching it to one or 
other parent and in doing so tending to force the union of both parents into a 
single biphyletic species. 
The Biological Species Concept, which rests on the assumption of zero 
gene exchange between species, and is championed by Barton & Hewitt (1985t 
would unite not only the four Turkish species, but probably the entire genus 
Rhododendron, as a single species. Therefore, a less rigid definition is 
necessary for a meaningful analysis of the taxa in this genus and their hybrids. 
Coyne (1994) lists a number of other recently defined species concepts, along 
with a critique of their fallabilities. Baum & Shaw's (1995) geneological 
definition of a species as "an exclusive group ... whose members are all more 
closely related to each other than to any organisms outside the group" would 
appear to define R. x sochadzeae as a species, provided backcrosses are as rare 
as they appear to be and that populations are considered individually. Mallet 
(1995) discusses alternative species concepts and favours the genotypic cluster 
concept, which he traces back to Rothschild & Jordan's (1906), concept of a 
"poly typic species", which he quotes: "The principal criterion of the conception 
'species' is that species can exist together without fusing, no other barrier 
keeping them apart than their own organisation". Under the cluster 
definition, a contact zone between two taxa will show a bimodal distribution of 
characteristics if the two taxa are species or a unimodal distribution if the two 
are conspecific and continuous in variation. Sympatric species, Mallett argues, 
are kept separate partially by low gene flow, but also by the lower fitness of 
intermediates. This definition is appropriate for the Rhododendron species in 
Turkey, between which hybrids apart from R. x sochadzeae are rare, but it 
would also define R. x sochadzeae as a species, if it did indeed form its own 
phenotypic cluster in a trimodal character distribution, as suggested above. 
These arguments appear to support its consideration as a species. 
However, the present study has shown that: (1) R. x sochadzeae still arises 
spontaneously by direct crossing between the parents; and (2) individuals 
identical to this taxon also form part of a cline between R. ponticum and R. 
caucasicum in certain circumstances, and in these cases fail to produce 
populations with any morphological homogeneity. These points clearly 
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exclude R. x sochadzeae from most definitions of a species, whilst other 
definitions make no allowances for such an odd situation. 
Arguably there are two questions here: firstly, whether studies 
involving R. x sochadzeae would be rendered simpler by it being considered a 
species or not; and secondarily which definitions of a species would then place 
it, and the other species of Rhododendron, into the desired category. This may 
seem a cynical view, but Coyne (1994) quoted J.B.S. Haldane defining the 
species concept as a "concession to our linguistic habits and neurological 
mechanisms". Rhododendron x sochadzeae, like any other taxon, remains the 
same whatever label is applied to it; it is simply a grouping of similar 
individuals which does not quite fall easily within any definition in regular 
use. It is also curious to note that its taxonomic treatment might be made 
more straightforward by the discovery that it combined both diploid and 
polyploid individuals. 
6.5 Conduding Remarks 
This study has shown that even a very small number of molecular 
markers can greatly contribute to the identification of putative hybrids of 
Turkish species of Rhododendron (subsection Pon tica). The hybrids R. 
ungernii x R. ponticum, and R. smirnovii x R. caucasicum could have been at 
least tentatively identified without molecular markers but were confirmed as 
such by molecular analysis. Amongst the four species of subsection Pontica in 
Turkey, six hybrid combinations are possible between pairs of species. Five of 
these hybrid combinations have been shown to occur naturally by the current 
study. Rhododendron ponticum x R. caucasicum (R. x sochadzeae) had been 
previously noted and described, but was shown in this study to backcross to R. 
ponticum extensively in some situations, although seldomly in others. R. 
ponticum x R. ungernii was recorded for the first time and shown to backcross 
with both parents. A possible intermediate individual of R. ungernii x R. 
smirnovii was found, and evidence was obtained that introgression from the 
latter species contributes to the pink flower colour in some individuals of the 
first. The parentage of individuals of R. smirnovii x R. caucasicum, of which 
putative specimens have been collected before (Stevens, 1978), was confirmed 
and a single specimen was found which molecular analysis indicated was a 
hybrid derivative of R. ponticum and R. smirnovii. Therefore, the only 
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species pair between which no hybrids were detected was R. caucasicum and R. 
ungernii, although it is not suggested that this hybrid combination does not 
occur. 
R. ungernii provided an example of both nuclear and cytoplasmic 
introgression from another species (R. ponticum) occurring in an individual 
which showed no alien morphological characteristics. The fact that all four 
species in Turkey give the impression of remaining quite distinct from one 
another (as indeed does one of their hybrids) provides a good illustration that 
plants can behave as species despite gene flow between them. 
It is difficult to determine how much human disturbance has 
contributed to the occurrence of hybridisation. The hybrids R. x sochadzeae 
and R. smirnovii x R. caucasicum occur in situations where the habitat does 
not seem to have been affected by human interference (e.g. the hill above 
Artvin). However, the hybrids between R. ponticum and both R. ungernii and 
R. smirnovii occurred in the area below Tiryal Daga, where the habitat had 
apparently been subject to considerable disturbance, and Rhododendron scrub 
existed at altitudes where one would expect forest. R. ponticum appeared to be 
the species best adapted to disturbed conditions, and at present at least the 
occurrence of hybrids, whilst possibly encouraged by the disturbance, remains 
the exception rather than the rule. However, it is not inconceivable that 
crossing between these three species may produce a new entity which finds a 
niche in such disturbed conditions, as does R. x sochadzeae in certain 
conditions higher up. 
A follow-up study on R. x sochadzeae would be highly desirable because 
of the very unusual nature of the populations it forms. However, the limited 
evidence available in this study has otherwise been very successful in 
investigating the hybrids present in Turkey, and to a lesser extent the level of 
introgression which occurs between the native Rhododendron species. 
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Chapter 7 
General Discussion 
"Are you making some of it up, sir?" 
"Of course I ...... am, Lewis! But it fits the clues, 
doesn't it?" 
Colin Dexter, 
"The Riddle of the Third Mile". 
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7.1 The versatility of RFLP analysis. 
The research reported in this thesis has demonstrated that a single 
molecular technique, RFLP analysis, was appropriate for addressing four 
different evolutionary questions regarding Rhododendron ponticum and its 
close allies in subsection Pontica. The principal aim of the study was to 
determine the area of origin of the naturalised material of R. ponticum in the 
British Isles, for which cpDNA RFLPs were employed. The second aim was to 
investigate the possibility that introgression had occurred in the naturalised 
material of R. ponticum or the cultivated stock which had given rise to it, and 
for this nuclear rDNA RFLPs were employed. A third aim, which was added 
after a collecting trip had been made to Turkey, was to investigate several 
putative natural Rhododendron hybrids found in NE TurkeYI including some 
combinations apparently not previously recorded in the wild. For this, a 
combination of simple morphological markers with single cpDNA and 
nuclear rDNA RFLP markers were employed. The fourth aim was to construct 
a preliminary phylogeny for subsection Pontica from cpDNA RFLP data, which 
would provide background information to the other studies, as well as being of 
interest in its own right. 
Meaningful results were obtained in regard to all four objectives. The 
phylogenetic analysis produced a phylogeny which had strong bootstrap 
support for only a minority of clades, yet some confident statements could be 
made regarding the evolution of subsection Pontica. In particular, it was 
found that R. hyperythrum is placed outside subsection Pontica by its 
plastome type and that R. maximum is more closely related to R. ponticum 
than either is to the other N. American species, R. catawbiense or R. 
macrophyllum. It was also shown that a phylogenetic analysis could be used to 
investigate the identity of cpDNA haplotypes of unknown taxonomic origin. 
The survey of infraspecific cpDNA variation led to the successful 
identification of the area of origin of the naturalised material of R. ponticum 
in the British Isles and enabled tentative conclusions to be made regarding its 
history since introduction. The strategy used in the survey to detect 
infraspecific variation by examining single samples from different areas with a 
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large number of probe I enzyme combinations is recommended for future 
studies of this kind, particularly when it is thought that the infraspecific 
variation might be limited. 
The survey of rDNA variation proved that R. catawbiense is involved 
in the ancestry of naturalised British material of R. ponticum. It was shown 
that introgression from this species was more common in E. Scotland than 
elsewhere, and possible reasons for this are discussed in the following section. 
When morphological variation was analysed together with molecular 
variation, it was found that recent introgression from R. catawbiense was 
apparently rare, while examples of what might be recent introgression from R. 
maximum, perhaps resulting from the recent naturalisation of a horticultural 
intermediate, had occurred occasionally. The results suggested that the genetic 
characteristics of the plantings which gave rise to naturalised populations 
varied, and that other unidentified species have been involved in the ancestry 
of naturalised material. 
Molecular analysis of material from Turkey confirmed the identity of 
putative R. smirnovii x R. ungernii, R. smirnovii x R. caucasicum and R. 
ungernii x R. ponticum hybrids found in the field. It was also confirmed that 
R. x sochadzeae is R. ponticum x R. caucasicum, and evidence was found that 
introgression from R. smirnovii is responsible for the pink flower colour in at 
least some individuals of R. ungernii. Unexpectedly, a hybrid derivative of R. 
ponticum and R. smirnovii was also detected by molecular analysis. 
Overall, therefore, the present research has illustrated the versatility of 
RFLP analysis as a tool for evolutionary investigations. The phylogenetic 
analysis could have been conducted using another approach such as DNA 
sequencing, and additional nuclear markers, generated by other approaches 
than rDNA RFLP analysis, might have yielded more information regarding 
hybridisation and introgression. However, the developement of additional 
marker systems would have used valuable time, and it was only by employing 
a single technique for all the objectives of the project that it became possible to 
bring each one to a satisfactory conclusion. Moreover, the approach meant 
that information could be obtained simultaneously for more than one 
objective. In addition, extracts digested with a single enzyme could be 
examined for both nuclear and cpDNA RFLP variation, thus reducing the time 
taken and the overall cost. 
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7.2. Could natural selection have acted on R. ponticum since its introduction 
to the British Isles? 
In Chapter 5, it was suggested that the high proportion of plants 
showing introgression from R. catawbiense in their rDNA in E. Scotland 
might be the result of a selection effect. The British Isles differs from the areas 
of the Iberian Peninsula where R. ponticum is native in that the climate is 
cooler (table 7.1), and East Scotland has the coldest January temperatures of all 
the areas surveyed (table 7.1). The information for UK areas is taken from 
Brown et al. (1992), and the temperatures shown are the range which occurs 
throughout the region as defined in chapter 2, adjusted to sea level. Eastern 
Scotland, the Lake District and N. England, are predominately upland areas 
and the temperature in the actual sites is thus likely to be lower on average 
than the values in table 7.1; although w. Scotland is also an upland area, the 
majority of the accessions were collected from coastal sites. 
Table 7.1 Mean Ianuary temperature ranges for regions of the British Isles 
from which collections of R. ponticum were made. 
Area 
W. Scotland 
Scottish Islands 
Knapdale 
E. Scotland 
Fife & Lowlands 
N. England 
Lake district 
Wales 
E. Anglia 
S. England 
SE. England 
Killarney (Ireland)2 
Iberian localities3 
1: adjusted to sea level 
2: from Cross (1981) 
3: from de Blij & Muller, (1993). 
Proportion of 
CC rDNA-types 
0.11 
0.33 
o 
0.23 
o 
0.09 
0.1 
0.07 
o 
o 
0.06 
o 
o 
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Mean January 
Temperature range1 (oC) 
2.5 - 4.0 
3.5 - 5.0 
4.0 - 4.5 
2.0 - 2.5 
2.5 - 3.5 
2.0 - 4.0 
3.0 - 3.5 
4.0 - 5.5 
2.5 - 3.5 
4.0 - 5.0 
3.0 - 4.5 
6.7 
c.10 -12 
The two species for which rDNA types and cpDNA haplotypes have 
been detected amongst naturalised British material, R. maximum and R. 
catawbiense, are considered to be tolerant to temperatures down to -50°C 
(Davidian, 1982, Sakai et fli.:. 1986), which in contrast to R. ponticum, is 
sensitive to temperatures below -15°C (Davidian, 1982). In the southern 
Appalachian mountains, where R. catawbiense and R. maximum are native, 
temperatures below -25°C are frequent (Nilsen, 1991). 
R. catawbiense, R. maximum and R. ponticum were among five species 
for which cold tolerance was investigated by Nilsen (1991). He showed that 
cold temperature tolerance was positively linked to a leaf curling response and 
provided empirical proof that R. ponticum was the least cold-tolerant of the 
species analysed. Thus, it is feasible that introgression from either R. 
catawbiense or R. maximum might confer increased frost-tolerance on 
naturalised individuals of R. ponticum in the British Isles and that selective 
pressures would be highest in colder regions such as E. Scotland where plants 
showing rDNA evidence of introgression were the most common. 
Examples of increased fitness due to introgression or hybridisation has 
been shown in three examples from the animal kingdom. Increased 
temperature tolerance in a fruitfly Dacus tryoni, due to introgression, has been 
demonstrated experimentally, and suggested as a cause of natural range 
expansion from tropical into temperate areas (Lewontin & Birch, 1966). The 
introgressing species (D. neohumeralis) in this case had no obvious traits 
which would confer an advantage to D. tryoni, and the introgression appeared 
to enhance the temperature tolerance of D. tryoni by producing a beneficial 
combination of genes from both species. Significantly, their experiments 
showed that a certain type of hybrid derivative, which was roughly 80% D. 
tryoni and 20% D. neohumeralis, tended to be most successful at stressful 
temperatures. Nagle & Mettler (1969) observed that stabilised Drosophila 
introgressants had higher fitness than any other genotype in populations 
which include both parental types, and Moulia et al. (1995) observed a reduced 
parasite load in laboratory generated mouse (Mus) hybrids. These examples 
illustrate that hybridisation or introgression between species can, at least in the 
animal kingdom, improve overall fitness including improved tolerance to 
temperatures. 
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In the plant kingdom, hybridisation can increase fitness in at least three 
ways. The first of these is polyploidy; however, there is no evidence to suggest 
that the British rhododendron populations might be polyploid. Moreover, if 
the populations were a polyploid derivative of R. ponticum and R. 
catawbiense it would be expected that all accessions would (1) have the 
additive rDNA profile of R. ponticum and R. catawbiense, i.e. the CC rDNA 
type, (2) have a single cpDNA haplotype unless multiple origins had occurred, 
and (3) be more uniform in their morphology; none of these was the case. 
Thus it seems safe to disregard polyploidy as a possibility here. 
The fitness of plant hybrids may also benefit from an expanded gene 
pool. Increased genetic diversity in hybrids has been shown using molecular 
markers in Cypripedium (Klier et al., 1991, see below), Pinus (Wheeler & 
Guries, 1987), and Aesculus (dePamphilis & Wyatt 1990). The evolutionary 
effect of such increased variability is likely to be beneficial, but this is difficult 
to prove empirically, as the increased variability will always be accompanied by 
novel combinations of genes, which may lead to increased fitness without the 
need for increased diversity. The British populations of R. ponticum have 
without doubt been provided with the opportunity to greatly expand their 
genepool. The cpDNA data (Chapter 4) showed that even without the 
influence of other species, the genepool of British R. ponticum comprises two 
haplotypes which probably originated from different areas in the Iberian 
Peninsula. The present study has shown that introgression from R. 
catawbiense, R. maximum and at least one unknown species has also occurred. 
The morphological data also provided an illustration of the increased 
variability of the Scottish populations as compared to their native 
counterparts. The hypothesis of increased variability alone improving the 
fitness of naturalised Rhododendron populations compared to their native 
counterparts could perhaps be tested by comparing the fitness of progeny of 
native and naturalised material grown in conditions identical to those at 
native sites. This would eliminate the effects of traits acquired through 
introgression which increased their adaptedness to the environment in the 
British Isles 
The third possible benefit of hybridisation is the transfer of traits from 
one species to another, or the combination of beneficial and/or potentially 
synergistic traits in a new hybrid. Of particular interest are examples which 
illustrate that the ability to occupy a new habitat has been acquired as a result of 
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hybridisation. The generation of new homoploid hybrid species, which can 
occupy habitats different from that of either parent has been demonstrated 
using genetic evidence in 5tephanomeria diegensis (Gallez & Gottieb, 1982), 
Iris nelsonii (Arnold, 1993b) and three Helianthus species (Rieseberg, 1991). 
Theoretically, as no two species have identical ecological requirements, any 
newly arisen species must have slightly different ecological preferences to any 
other, and, therefore, any example of diploid hybrid speciation (e.g. Standley, 
1990) might be taken as evidence of new ecological preferences arising through 
hybridisation. Examples of introgression apparently producing new ecotypes 
in a species have also been documented. Cypripedium pubescens is normally a 
woodland plant, but ecotypes occur in open situations (prairies) which are 
suggested to have arisen through introgression from C. candidum, which is 
confined to such open habitats (Klier et ill:.. 1991). Conversely, Helianthus 
divaricatus is thought to have acquired shade tolerance through introgression 
from H. microcephalus (Heiser, 1979). Introgression from a species adapted to 
the conditions found in a given area, into a recent invader, may enable the 
latter to become adapted to the area it is colonising. Introgression between 
introduced Helianthus annuus and native H. debilis ssp. cucumerifolius 
(Heiser 1951; Rieseberg et ~ 1990a), and between introduced Lythrum salicaria 
and native L. alatum (Strefeler et ill:.., 1996) has been suggested to favour the 
spread of the invading species. Harlan & deWet (1963) have discussed in some 
detail the acquisition through introgression by a widespread opportunistic 
species of traits conferring adaptations to local conditions from locally adapted 
species. Citing Bothriochloa intermedia and its less widespread relatives as an 
example, they suggested that introgression into the recipient species enables it 
to become a "compilospecies" which spreads by gaining advantageous traits 
from others. 
Further examples exist which illustrate that hybrid derivatives in hybrid 
zones may be better adapted to certain microhabitats than either parent. 
Hybrids between Iris hexagona and I. fulva have been shown to have 
ecological preferences between those of the parent species and to be more 
competitive than either parent in intermediate habitats (Arnold, 1992). In 
Turkey, Rhododendron ponticum and R. caucasicum occupy respectively 
lower and higher altitudional zones, whilst the hybrid between them, R. x 
sochadzeae, is frequently dominant in areas of intermediate altitude (Stevens, 
1978; this study, Chapter 6). 
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Sometimes plant invasions may be brought about by a combination of 
introduction and hybridisation events. Spartina alterniflora was introduced to 
Californian mudflats, where its aggressive spread presents a threat to the 
native S. foliosa (Daehler & Strong, 1997). However, hybrids between the two 
are recruiting faster than the native species (Daehler & Strong, 1997) and may 
in time also become more successful than pure S. alterniflora because of traits 
conferring local adaptation acquired from S. foliosa. A comparable situation 
may have existed in British populations of the hybrid S. x. townsend ii, (i.e. S. 
maritima x introduced S. alterniflora) before the rise of the allotetraploid S. 
anglica, which can outcompete both its progenitor and its parent species 
(Raybould et ~ 1991a & b; Goodman et al. 1969). Finally Wojcicki & Marhold 
(1993) have observed that hybrids between native Prunus fruticosa and 
introduced P. cerasus are considerably more successful than the native species 
in disturbed habitats and in some sites have replaced it completely. 
All of these examples illustrate the feasibility of a species acquiring the 
ability to occupy a new habitat, or compete more successfully in one already 
occupied, as a result of introgression from other species. It is, therefore, 
feasible that introgression from R. catawbiense has conferred increased frost 
tolerance to R. ponticum, and that frost tolerance traits are subject to differing 
levels of selection pressure in regions of the British Isles according to their 
winter temperatures. The high proportion of accessions in the coldest region 
of the British Isles (E. Scotland) showing the R. catawbiense rDNA marker is 
taken as evidence of this trend, but a study encompassing a greater number of 
independent markers is recommended (see below). Introgression from R. 
maximum may also have conferred increased frost tolerance, but no evidence 
was generated from the current study which could be used to support this 
theory. 
It is concluded that R. ponticum has been introgressed by R. catawbiense, 
and to a lesser extent R. maximum and one other unknown species, which has 
resulted in increased genetic variability that may be adaptive. Moreover, 
increased frost tolerance may have been gained by R. ponticum due to 
introgression from R. catawbiense. 
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7.3 A brief history of Rhododendron ponticum 
From the information presented in this thesis, it is possible to outline 
the history of Rhododendron ponticum from its divergence as a species up to 
its current status as a native and an introduction. The information is of course 
incomplete, but the same could arguably be said of any historical account. The 
following outline, therefore, represents the best that can be provided based on 
the data available. 
Rhododendron subsection Pontica originated somewhere on the Asian 
mainland and appears from the cpDNA phylogeny presented in Chapter 3, to 
have diversified initially into at least four evolutionary lineages. One of these 
lineages gave rise to R. catawbiense and R. macrophyllum in N. America; but 
species derived from each of the other three lineages occupy widely separated 
regions, which indicates that the lineages diversified before migration began 
towards the areas currently occupied. The second lineage gave rise to the 
group comprising R. degronianum, R. yakushimanum and their subspecies, 
all endemic to Japan and probably also R. smirnovii from the Black Sea region. 
The third lineage appears to have given rise to the two most widespread 
species in E. Asia, i.e. R. brachycarpum and R. aureum, and also R. caucasicum 
of the black sea region. The fourth such lineage apparently contained the 
progenitor of R. ponticum and R. maximum, and divergence between these 
two species may have commenced as the ancestors of R. ponticum began 
migration west towards the Black Sea and those of R. maximum towards N. 
America. Both resultant lineages may have migrated as part of an assemblage 
of species which included other species of subsection Pontica. At some point 
the progenitor of R. ponticum appears to have given rise to R. ungernii; which 
has cpDNA similar to that of R. ponticum but does not resemble it in 
morphology. This may have occurred through convergence towards the 
morphology of R. smirnovii, or it may have occurred through a hybridisation 
event with R. smirnovii or a similar, perhaps extinct, species. R. ponticum 
and R. ungernii reached the Black Sea region along with R. smirnovii, and a 
fourth species, R. caucasicum. These species may have migrated together, 
accompanied by an assemblage of species in genera that have similar modern 
distributions to subsection Pon tica today. R. ponticum, R. caucasicum, R. 
ungernii and R. smirnovii have since existed together in NE Turkey and the 
adjacent Caucasus region, separated ecologically by their altitude ranges and 
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such preferences as those of R. smirnovii for rocky outcrops and R. ungernii 
for shade. The hybrid between R. ponticum and R. caucasicum, R. x 
sochadzeae, forms large colonies and occupies its own ecological niche, and 
behaves in many respects as a species. R. ponticum appears to have acquired 
genetic material from R. caucasicum, R. ungernii and possibly R. smirnovii 
through introgression, but introgression from the latter two species may have 
been accelerated by human disturbance of their habitats. 
Of these four species, only R. ponticum has successfully spread and 
retained areas of distribution both to the south and west of Turkey. It still 
occurs in suitable habitats all along the south coast of the Black sea, thus 
reaching the European portion of Turkey, and Bulgaria. Its distribution 
appears to be limited to areas of high rainfall, and in the past, climatic 
conditions must have been sufficiently different to allow R. ponticum to have 
spread as far south as the hills of Lebanon, where it still occurs although it has 
disappeared from all intervening areas. During the Mindel-Riss interglacial 
period, the climate of Europe appears to have been much wetter and warmer 
than in the current interglacial period, and this permitted R. ponticum to 
extend its range into this continent. It is known from fossil records to have 
been present near Sofia, Bulgaria and in the Alps during this period, and to 
have extended northwards as far as Ireland. Following this period, it must 
have been driven from most of Europe during the Riss glaciation, and some 
populations became separated from the remainder and survived the glaciation 
in the Iberian Peninsula. These populations appear to have possessed a subset 
of the genetic variation present in the larger populations around the Black Sea, 
but fortunately for the purposes of the current study, have accumulated a 
small number of apomorphic cpDNA mutations. During the current 
interglacial period, it has failed to extend its European range, most probably 
because the climate was too dry in most areas of southern Europe. Instead, its 
distribution in the Iberian peninsula has taken on the characteristics of a relict 
distribution, something which would greatly surprise any conservationist who 
has spent time trying to eradicate the plants from parts of the British Isles. The 
climate of most of the Iberian Peninsula appears to be too warm and/or dry for 
R. ponticum's survival, and it thus only occurs, often in very small numbers, 
in shaded stream valleys or at high altitudes where conditions are moister and 
cooler than elsewhere. This is in contrast to the populations in Turkey, which 
are abundant in areas such as the slopes above Camlihemsin, and many parts 
of the far northeast. 
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It was, however, from the Iberian populations, specifically Spain, that 
material of R. ponticum was first introduced to the British Isles, in 1763. 
Perhaps more significantly, Turkish material when introduced appears to have 
been less hardy in the British climate than its Iberian counterparts. The 
material of R. ponticum present in the British Isles is predominantly 
descended from introductions from Spain, but it is likely, although not certain, 
that an introduction from Portugal also occurred, which gave rise to about 10% 
of the British material. It appears that material from the early introductions 
became mixed together early during R. ponticum's cultivated history, 
following which some of this material may have been introduced to Ireland, 
accounting for the similarity in the proportions of cpDNA haplotypes present 
in the naturalised populations in the two countries. However, rDNA 
evidence suggests that Irish material is slightly different to British material in 
its genetic composition, although this may result from a chance event such as 
a genetic bottleneck during its introduction. 
In cultivation, R. ponticum came into contact with R. maXImum, 
almost immediately, and with R. catawbiense after introductions of this species 
first flowered in 1813; hybrids between these three species arose both by chance 
and by design. After collections of R. arboreum first flowered in the British 
Isles (in 1825), this species was also crossed with hybrids involving these three 
species, producing the horticultural entities known as the "Hardy Hybrids". 
These plants were then crossed with a wide range of other species, but it is 
unknown whether these further crosses played any part in the ancestry of 
naturalised material. From this time, both the "Hardy Hybrids" and R. 
ponticum appear to have been commercially available, but initially they were 
expensive to buy. By the middle of the nineteenth century R. ponticum was 
beginning to reproduce by seed in private estates, and it was this which caused 
the availability of the species to increase and the price to decrease dramatically. 
It is not possible to be sure whether at this stage plants sold as "K ponticum" 
tended to already have R. catawbiense or R. maximum in their ancestry. The 
molecular results indicate that introgression from R. catawbiense did occur 
many generations ago, but it could have occurred at any point from the early 
18th to the early 19th century, or gradually throughout this period. In the late 
nineteenth century, two exceptionally hard winters occurred, which affected 
the popularity of R. ponticum as a cultivated plant, but also may have selected 
in trogressed types. The winter of 1879/1880 killed off other culti va ted 
evergreen alien shrubs, but appears not to have been severe enough to affect 
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the majority of R. ponticum plants, and this plus the increasing availability of 
self-sown seedlings, caused R. ponticum to be extensively planted for various 
purposes including game cover. The winter of 1894/5, however, was 
sufficiently severe to kill or damage large numbers of R. ponticum 
individuals, while R. catawbiense and certain horticultural hybrids appear to 
have been untouched. This event is likely to have caused a change in the 
make-up of cultivated populations, as frost-damaged individuals, if not killed 
outright, may have been removed by gardeners and replaced by hardier types. 
If introgression from R. catawbiense does confer frost tolerance, then the 
proportion of surviving individuals with R. catawbiense in their ancestry is 
likely to have increased as a result of this event, especially in the colder regions 
of Britain such as E. Scotland. It is also possible that some horticuluralists were 
aware by this time that plants of R. ponticum introgressed by R. catawbiense 
were both hardy and easy to grow, and that these were sold, bought and/or 
produced in greater quantities following this harsh winter; again this trend 
may have been more pronounced in colder regions. It is not possible to be sure 
whether the material in Ireland also has R. catawbiense in its ancestry, as 
comparatively few Irish accessions have been subjected to molecular 
examina tion. 
Rhododendron maximum appears to have had a different cultivated 
history in relation to R. ponticum. Traits apparently acquired from this species 
still appear to be associated in naturalised material; however, R. maximum 
itself is now rare in cultivation (Bean, 1976), so recent introgression may not be 
the best hypothesis to explain this trend. If both "Hardy Hybrids" and nearly 
pure R. ponticum were both regularly in cultivation, then it is reasonable to 
assume that frequent crossing has since occurred between the two. Perhaps 
some naturalised accessions, such as Kat-H (plate 5.6) are derived almost 
entirely from the "Hardy Hybrids", while others have varying proportions of 
pure R. ponticum and horticultural hybrid in their ancestry. Different 
combinations of R. ponticum, other species and horticultural hybrids appear to 
have been planted at different sites, and this is reflected by the between-
population differences in morphology and the unusually high proportion of 
R. catawbiense genetic markers in the Gaerloch population. 
During the present century, R. ponticum has spread from gardens, 
estates and game cover plantings, to become one of the most troublesome alien 
species in the British Isles. Based on the results of the current study, it is 
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suggested that the invasion process, particularly in northern regions, has been 
facilitated by introgression from R. catawbiense, which resulted in increased 
frost tolerance. Any initial obstacles to introgression or hybridisation were 
overcome for R. ponticum by the efforts of horticulturalists; in gardens plants 
could have been selected for increased hardiness to some conditions while 
traits not beneficial in the British Isles environment were bred out. R. 
ponticum iS I therefore, a noxious alien weed not just because of its natural 
mechanisms for supressing competition or its lack of natural enemies in the 
British Isles, but also because horticultural breeding has improved its 
adaptation to the British Climate. 
7.4 Possible implications for the study and control of naturalised R. ponticum 
The aim of the current study was not to solve the problem of 
Rhododendron ponticum infestation that is so prevalent in the British Isles, 
but rather to determine the exact nature of the organism concerned. It is 
anticipated that the results obtained will be of value to future studies on many 
aspects of the naturalised populations. The ecology of naturalised material 
should be compared directly to that of Iberian material, and when differences 
are found, the possibility of such differences being the result of introgression 
should be investigated. It would be worthwhile determining whether 
populations in an area such as Killarney (Ireland) were completely free of 
introgression, as this would permit a direct comparison to be made between 
naturalised and Iberian material. This could be achieved by sampling a much 
larger sample of material from Killarney with the nuclear rDNA markers 
employed in chapter 5, or by simply examining flowers for the presence of 
ovary hair. 
Although it has been determined that the Iberian Peninsula is the 
source of British material of R. ponticum, this may not be the best place to seek 
an organism for its biological control. The material of R. ponticum in the 
British Isles has been altered genetically by introgression, and is probably more 
different in its genetic makeup to the native Iberian material than is the 
Turkish material. Moreover, it appears to have become adapted to a different 
climate in the British Isles to that present in the Iberian localities; in particular 
its frost tolerance seems to have been increased. Therefore organisms which 
exist in native localities might not be as well adapted to British localities. 
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Consequently it is suggested that control organisms should be sought not only 
in the Iberian Peninsula, but also among the native ranges of R. catawbiense 
and R. maximum, where a natural enemy more resistant to frost might occur. 
Perhaps a hybrid could be created between an American and a European 
organism to produce a control agent uniquely suited to the material of R. 
ponticum naturalised in the British Isles! 
7.5 Suggestions for future research 
There would appear to be little more to be learned regarding the cpDNA 
haplotypes of R. ponticum present in the British Isles, although it might be of 
value to sample from naturalised populations from other areas of Ireland. 
One important question does remain to be answered, however, i.e. whether 
haplotype IL occurs in Spain. This haplotype was present in all but one 
Portuguese accession and about 10% of naturalised British material, but was 
not found in the four populations sampled in Spain. If a comprehensive 
survey of cpDNA-types present in Spain were undertaken, this would support 
or disprove the hypothesis that all British material of R. ponticum originated 
from Spain 
It is suggested that cpDNA RFLPs could be used to generate a more 
strongly supported phylogenetic tree than that presented in Chapter 3, if a 
more systematic approach were adopted; and that this technique could be 
applied to a wider range of species within the genus Rhododendron. The 
markers generated in the process could also be of use in determining the 
maternal ancestor of certain cultivars (such as Accession UK-V, Chapter 3), or 
natural hybrids of unknown origin. It might also settle the question of the 
identity of the donor of cpDNA haplotype QA. 
The natural hybrid zones encountered in Turkey merit further 
investigation. In the area below the slopes of Tiryal Daga occur R. ponticum, 
R. smirnovii, R. ungernii and occasional specimens of R. x. sochadzeae. 
Although a comparatively small number of specimens were collected, 
evidence of the hybrids R. ungernii x R. smirnovii, R. ponticum x R. ungernii 
and R. ponticum x R. smirnovii were all found in this area. This site, 
therefore, provides an opportunity to study possible natural gene flow between 
three, or possibly four Rhododendron species. For this, the use of a marker 
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system which provides large numbers of independent nuclear markers, such 
as AFLPs or micro satellites, would be appropriate. 
The unusual nature of the R. x sochadzeae populations was discussed 
in detail in chapter 6. If it is determined that this taxon is polyploid, then the 
question of whether it had a single or multiple origin could be addressed by 
comparing the molecular characteristics of populations on different hills. If it 
is determined that R. x sochadzeae always has the same ploidy level as its 
parents, then it would be tantalising to investigate preCisely why the hybrid 
populations at some sites are so uniform in their morphology. The first stage 
of such an investigation would be the morphological examination of a large 
number of specimens on a transect moving from the zone of pure R. 
ponticum to pure R. catawbiense. If this investigation confirmed the apparent 
trend for phenotypes intermediate between the parents to be unusually 
common, then nuclear markers such as AFLPs or microsatellites could be 
employed to determine if the plants also tended to be genetically intermediate. 
If this were the case, then breeding experiments concerning the progeny of R. x 
sochadzeae crossed with itself and the two parent species might be of value in 
identifying the processes which cause the observed situation. It is suggested 
that although the Tiryal Daga would be a good site on which to conduct this 
research, a site at which R. smirnovii and R. ungernii do not occur might be 
preferable, as introgression from these species might complicate the results. 
R.caucasicum occurs further west than R. ungernii or R. smirnovii (Stevens, 
1978), so such a site may exist. The hybrid swarm observed at Camlihemsin 
should also be examined for comparison. 
The population containing haplotype V at Glen Ample, Perthshire, is 
reproducing naturally by seed, and thus could be considered to represent the 
addition of R. arboreum, or more accurately a related cultivar, to the British 
flora. Furthermore, some of the seedlings may, from their morphology be 
hybrids with R. ponticum, a possibility which could be investigated using a 
small set of nuclear molecular markers. 
There is much more that could be learned regarding the effects of 
introgression on the naturalised British material of R. ponticum. Further 
nuclear markers which could detect with more accuracy the influence of R. 
maximum would allow a more detailed examination of the apparent link 
between molecular and morphological characteristics from the species within 
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naturalised material. Species other than R. catawbiense and R. maximum are 
certainly involved in the ancestry of the naturalised populations, as evidenced 
for example by the crimson corolla markings on many accessions. Further 
molecular examination would be necessary to establish their identity; 
however, from an evolutionary pOint of view it seems that R. catawbiense is 
the most important species. 
The fact that the populations throughout Britain have risen from 
separate plantings, which appear to vary in their original genetic composition, 
makes it difficult to prove a direct link between frost tolerance and genetic 
material from R. catawbiense. A survey involving a large number of 
specimens and independent nuclear markers could confirm that higher levels 
of introgression from R. catawbiense occur in the colder regions of the country, 
but the hypothesis that this was due to horticultural choice would still not be 
eliminated. It might, however, be possible to prove that natural selection has 
been occurring in a naturalised population of Rhododendron in Britain. Some 
populations of R. ponticum in W. Scotland have spread over a range of 
altitudes, for instance at Lochranza, Torridon and Glen Garry, and therefore 
plants at higher altitudes could be subject to more severe frost conditions than 
those lower down. A detailed investigation using nuclear molecular markers, 
for which AFLPs or microsatellites are suggested, could be undertaken on such 
a population to determine whether those individuals at higher altitudes had 
on average a higher proportion of R. catawbiense in their ancestry. Care would 
need to be taken to eliminate other factors. For example, accessions should be 
only taken from actively spreading edges of the population a similar distance 
from the introduction source, as this would ensure that neither infraspecific 
competition, nor proximity to the original plantings, had had more effect on 
one group of accessions than the other. It would also be of value to use 
experiments similar to those of Nilsen (1991) to determine empirically 
whether a difference in frost trolerance existed. To avoid non-heritable 
environmental effects and prove a genetic difference in frost tolerance, plants 
would need to be raised from seed collected from plants at the high and low 
altitude sites. 
If a link could be proven between the morphological and molecular 
characteristics of R. maximum, then a similar study could be undertaken to 
determine whether introgression from R. maximum is linked to frost 
tolerance, simply by comparing the flower morphology of plants of the same 
population at high and low altitudes. 
231 
REFERENCES 
232 
Abbott, R.J., Ashton, P.A. & Forbes, D.G. 1992a Introgressive origin of 
the radiate groundsel Senecio vulgaris var hibernicus Syme: Aat-3 
evidence. Heredity 68: 425-435 
Abbott, R.J., Irwin, I.A. & Ashton 1992b Genetic diversity for esterases 
in the recently evoloved stabilized introgressiant, Senecio vulgaris var 
hibernicus Syme, and its parental taxa S. vulgaris L var vulgaris L. and 
S. squalidus. Heredity.6..8..: 547-556 
Arnold, M.L. 1992. Natural hybridisation as an evolutionary Process. 
Ann. Rev. Ecol. Syst. 23: 237-261. 
Arnold, J. 
Ecol. Syst. 
1993a. Cytonuc1ear disequilibria m hybrid zones. 
24:521-554. 
Ann. Rev. 
Arnold, M.L. 1993b. Iris nelsonii (Iridaceae): Origin and genetic 
composition of a homoploid hybrid species. Am. J. Bot. 80(5): 577-
583. 
Arnold, M.L., Bennett, B.D. & Zimmer, E.A. 1990. Natural hybridisation 
between Iris julva and Iris hexagona: pattern of ribosomal DNA 
variation. Evolution 44( 6): 1512-1521. 
Arnold, M.L., Buckner, C.M. & Robinson, J.J. 1991. Pollen mediated 
introgression and hybrid speciation in Louisiana irises. Proc. Natl. 
Acad. Sci USA 88: 1398-1402. 
Arnold, M.L., Robinson, J.J., Buckner, C.M. & Bennett, B.D. 1992. Pollen 
dispersal and interspecific gene flow in Louisiana irises. Heredity 
68:399-404 
Arriola, P.E. & Ellstrand, N.C. 1996. Crop-to-weed gene flow in the 
genus Sorghum (Poaceae): spontaneous hybridisation between 
johnsongrass, Sorghum halepense, and crop sorghum, S. bicolor. Am. J. 
Bot. 83(9): 1153-1160. 
Ashton, P.A. & Abbott, R.J. 1992. Multiple ongms and genetic diversity 
in the newly arisen allopolyploid species Senecio cambrensis Rosser 
(Compositae). Heredity.6..8..: 25-32 
Avise, J.C. 1995. Speciation and hybridisation. 
Natural History and Evolution, pp252-305. 
York, London. 
233 
in Molecular Markers 
Chapman & Hall, New 
Barton, N.H. & Hewitt, G.M. 1985. Analysis of hybrid zones. Ann. Rev. 
Ecol. Syst. 16: 113-148. 
Barton, N.H. & Hewitt, G.M. 1989. Adaptation, speciation and hybrid 
zones. Nature lti: 497-503. 
Baum, D.A. & Shaw, K.L (1995). Genealogical perspectives on the 
species problem. In Experimental & Molecular Approaches to 
Plant Biosystematics pp 289-303 eds. Hoch, PoC., & Stevenson, A.G. 
Missouri Botanic Garden, St. Louis. 
Bean, W.J. 1976. Trees and Shrubs Hardy in the British Isles 
(N-Rh). 8th Edn. John Murray. 
Bert, T.M. & Arnold, W.S. 1995. An empirical test of predictions of two 
competing models for the maintenance and fate of hybrid zones: both 
models are supported in a hard-clam hybrid zone. Evolution 49 (2): 
276-289. 
Blij, H.J. de & Muller, P.O. 1993. Physical Geography of the Global 
Environment. p.82. John Wiley & Sons Inc. 
Boissier, E. 1856. Diagn. PI. Orient. sere 2(3): 118-119. Geneve. 
Brown, J.M.B. 1953a. The Rhododendron problem in the woodlands of 
southern England. Quarterly Journal of Forestry 47: 239-253 
Brown, J.M.B. 1953b. Rhododendron ponticum in British Woodlands. 
Report on Forestry Reserves, London, p. 42-43 
Brown, A., Groom, C., Lewis, D., Rabjohns, C. & Moir, D. 1992. The UK 
Environment. Dept. of Environment, H.M.S.O. London. 
Brubacker, C.L & Wendel, J.F. 1994. Reevalvuationg the origin of 
domesticated cotton (Gossypium hirsutum; Malvaceae) using nuclear 
restriction fragment length polymorphisms (RFLPs). Am. J. Bot. 
8 1 ( 1 0 ): 1309 -1326 . 
Cabeduzo, B. 1987. Rhododendron L in Flora Vascular de 
Andalucio OccidentaL Valdes, B. Talavera, S. & Fernandez-Galano, E. 
eds. Ketres Editora. 
Callender, R.F. & Mackenzie, N.A. (1991). The management of red 
deer in Scotland. Rural Forum Scotland 
234 
Caputo, P., Aceto, S., Cozzolino, S. & Nazzaro, R. 1997. Morphological 
and molecular characterisation of a natural hybrid between 0 rc his 
laxiflora and O. morio (Orchidaceae). PI. Syst. Evol. ~: 147-
155. 
Chamberlain, D.F. 1982. A revision of Rhododendron II. subgenus 
Hyemanthes. Notes from the Royal Botanic Garden, Edinburgh. 
39(2): 209-486. 
Clapham, A.R., Tutin, T.O. & Moore, D.M. 1987. Flora of the British 
Isles. 3rd Edn. Cambridge University Press, Cambridge. 
Coats, A.M. 1963. 
Books, London. 
Garden Shrubs and their Histories. Vista 
Coghlan, A. 1997. Beetles on the attack. New Scientist 2097: 20. 
Cox, P. & Hutchinson, P. (1963). Rhododendrons in NE Turkey. 
Rhododendron and Camellia Yearbook, London 17: 64-67. 
Coyne, J.A. 1994. Ernst Mayr and the origin of species. Evolution 
48(1):19-30. 
Cross, J.R. 1975. Biological flora of the British Isles: Rhododendron 
ponticum L. Journal of Ecology U: 345-364. 
Cross, J.R. 1981. The establishment of Rhododendron ponticum in the 
Killarney oakwoods, S.W. Ireland. Journal of Ecology 69: 807-824 
Cruzan, M.B., & Arnold, M.L. 1994. Assortative mating and natural 
selection in an Iris hybrid zone. Evolution 48(6): 1946-1958. 
Curtis, W. 1803. Rhododendron ponticum. Botanical Magazine 
16, p. 650. 
Daehler, C.C. & Strong, D.R. 1997. Hybridisation between introduced 
smooth cordgrass (Spartina alterniflora; Poaceae) and native California 
cordgrass (S. foliosa) in San Francisco Bay, California, USA. Am. J. 
Bot 84(5); 607-611 
Davidian, H.H. 1982. Rhododendron species I: Lepidote 
Rhododendrons. Timber Press, New York. 
Davidian, H.H. 1992. Rhododendron species III. Timber Press, 
Oregon. 
235 
Delgado-Salinas, A., Bruneau, A. & Doyle, 1.1. 1993. Chloroplast DNA 
phylogenetic studies in New World Phaseolinae (Leguminosae: 
Papilionoideae: Phaseoleae). Systematic Botany 18 (1): 6-17 
dePamphilis, C.W. & Wyatt, R. 1990. Electrophoretic confirmation of 
interspecific hybridisation in Aesculus (Hippocastanaceae) and the 
genetic structure of a broad hybrid zone. Evolution 44:1295-1317. 
Dorado, 0., Rieseberg, L.H. & Arias, D.M. 1992. Chloroplast DNA 
introgression in southern California sunflowers. Evolution 46 (2) 566· 
572 
Doyle, 1.J. 1992. Gene trees and species trees: molecular systematics as 
one-character taxonomy. Systematic Botany 17 (1): 144-163 
Doyle, J.J.& Doyle, J.L. 
amounts of leaf tissue. 
1987 A rapid isolation procedure for samll 
Phytochemical Bulletin l.2.: 11-15 
Doyle, 1.1., Doyle, 1.L. & Brown, A.H.D. 1990a. Chloroplast DNA 
phylogenetic affinities of newly described species in Glycine 
(Leguminosae: Phaseolae). Systematic Botany 15 (3): 466-471. 
Doyle, J.J., Doyle, J.L. & Brown, A.H.D. 1990b. Chloroplast DNA 
polymorphisms and phylogeny in the B genome of Glycine subgenus 
Glycine (Leguminosae). Am. J. Bot. 77(6): 772-782 
Duggins, C.F.1r., Karlin, A.A., Mousseau, T.A. & Relyea, K.G. 1995. 
Analysis of a hybrid zone in Fundulus majalis in a northeastern Florida 
ecotone. Heredity 74: 117-128. 
Elton, C.S. 1958. The Ecology of Invasions by Animals and 
Plants. Chapman and Hall, London. 
Emery, R.l.N. & Chinnappa, C.C. 1992. Natural hybridisation between 
Stellaria longipes and Stella ria borealis (Caryophyllaceae). Can. J. Bot. 
70: 1717-1723 
Fabijanski, S., Fedak, G., Armstrong, K, & Altosaar, 1. 1990. A repeated 
sequence probe for the C genome in Ave na (Oats). Theor. Appl. 
Genet. 79: 1-7. 
Field 1895. The pontic Rhododendrons and the frost. The Garden, 
Jan.-June, p. 270. 
236 
Floate, K.D., Whitham, T.G. & Keirn, P. 1994. 
genetic markers in classifying hybrid plants. 
929-930. 
Morphological versus 
Evolution 48(3): 
Franco, J.A. 1984. Nova Flora de Portugal (Continente e 
Acores) 2:8. Lisboa. 
Freeland, W.J. & Jansen, D.H. (1974). Strategies in herbivory by 
mammals: the role of plant secondary compounds. Am. Nat. lJlB..: 
269-89. 
Fuller, R.M. & Boorman, L.A. 1977. The spread and development of 
Rhododendron ponticum L on dunes at Winterton, Norfolk in 
comparison with invasion by Hippophae rhamnoides L at Saltfleetby, 
Lincolnshire. Biological Conservation 12: 83-94 
Gallez, G.P. & Gottlieb, L.D. 1982. Genetic evidence for the hybrid 
origin of the diploid plant Stephanomeria diegensis. 36(6): 1158-
1167. 
Garcia-Ramos, G. & Kirkpatrick, M. 1997. Genetic models of 
adaptation and gene flows in peripheral populations. Evolution 
51(1): 21-28. 
Gerlach, W.L., & Bedbrook, J.R. 1979. Cloning and characterisation of 
ribosomal RNA genes from wheat and barley. Nucl. Acids Res. 7: 
1869-1885 
Gillies, A.C.M. 1994. Molecular analysis of genetic diversity 
and evolutionary relationships in the tropical legume genus 
Stylosanthes (Aubl.) Sw. Unpublished PhD thesis, University of St. 
Andrews. 
Gomez, D. 1993. Rhododendron L. In Flora Iberica, 4: 508-510, 
eds. Castroviejo et al. Real Jardin Botanico, C.S.I.C. 
Goodman, M.M. 1966. Correlation and the structure of introgressive 
populations. Evolution 20: 191. 
Goodman, P.J., Braybrooks, E.M., Marchant, C.J. & Lambert, J.M. 1969. 
Spartina x townsendii H. & J. Groves sensu lata. In Biological flora of 
the British Isles. Journal of Ecology, 57: 298-313 
Grant, V. 1966 The origin of a new species of Cilia III a hybridization 
experiment. Genetics ll: 1189-1199 
237 
Ham, R.C.1.H. van & 't Hart, H. 1994. Evolution of Sedum series 
Rupestra (Crassu1aceae): evidence from chloroplast DNA and 
biosystematic data. PI. Syst. Evol. !..2J!.: 1-20. 
Hamby, R.K. & Zimmer, E. 1992. Ribosomal RNA as a phylogenetic 
tool in plant systematics. In Molecular Systematics of Plants, 
eds. Soltis, D.E., Soltis, P.S. & Doyle, J.1. (eds.) Chapman and Hall. 
Hara, H. 1986. Scientific names of the Rhododendron degronianum 
group. Journal of Japanese Botany 61: 245. 
Harlan, J.R. & deWet, J.M.J. 1963. The compilospecies concept. 
Evolution 17: 497 -501 
Harris, S.A. & Ingram, R 1991. Chloroplast DNA and biosystematics: 
the effects of intraspecific diversity and plastid transmission. T a x 0 n 
!.!l.: 393-412 
Harris, S.A. & Ingram, R 1992. Molecular systematics of the genus 
Senecio L. I: hybridisation in a British polyploid complex. Heredity 
a: 1-10. 
Harrison, R.G. & Bogdanowicz, S.M. 1997. Patterns of variation and 
linkage disequilibrium in a field cricket hybrid zone. Evolution 
51(2): 493-505. 
Harrison, R.G. & Rand, D.M. 1989.. Mosaic hybrid zones and the 
nature of species boundaries. In Speciation and its Consequences 
ppl11-133 Eds. Otte, D. & Endler, J.A. Sinauer Associates, Inc. 
Heiser, C.B. 1951. Hybridisation in the annual sunflowers: Helianthus 
annuus x H. debilis var cucumerifolius. Evolution S,.:42-51. 
Heiser, C.B. 1979. Hybrid populations of Helianthus divaricatus and 
H. microcephalus after 22 years. Taxon l.8..: 217-221. 
Hillis, D.M. & Bull, J.1. 1993. An empirical test of bootstrapping as a 
method for assessing confidence in phylogenetic analyses. 
Systematic Biology 42: 182-192 
Hooker, J.D. 1849. The Rhododendrons of the Sikkim-
Himalaya. Reeve, Benham & Reeve, London. 
Howard, D.J., Waring, G.L., Tibbets, C.A. & Gregory, P.G. 1993. 
Survival of hybrids in a mosaic hybrid zone. Evolution 47 (3): 789-
800. 
238 
Huffacker, C.B. & Kennett, C.E. 1959A ten year study of the vegetation 
associated with biological control of Klamath weed. Journal of 
Range Management 12: 69-82. 
Humphries, c.J. 1992. Cladistic Biogeography. in Cladistics, pp 
137-159; Forey, P.L., Humphries, C.J., Kitching, I.L., Scotland, R.W., 
Siebert, DJ & William,s D.M. eds. Oxford Science Publications. 
Hyam, R. 1997. Molecular and conventional data sets and the 
systematics of Rhododendron L subgenus Hyemanthes 
(Blume) K. Koch. Unpublished PhD thesis, University of Bristol. 
Irwin, J .A. & Abbott, RJ. 1992. Morphometric and isozyme evidence 
for teh hybrid origin of a new tetraploid radiate groundsel in York, 
England. Heredity~: 431-439. 
J.S.W. 1886. 
571. 
Self-sown Rhododendrons. The Garden, Jan.-June: 
James, R.R., McEvoy, P.B. & Cox, C.S. (1992). Combining the cinnabar 
moth (Tyria jacobaeae) and the ragwort flea beetle (Longitarsus 
jacobaeae) for control of ragwort (Senecio jacobaeae): an experimental 
analysis. J. Applied Ecology 29(3): 589-596 
Janaki-Ammal, E.K., Enoch, I.c. & Bridgewater, M. 1950. 
numbers in species of Rhododendron. Rhododendron 
London. 5..: 78-91. 
Chromosome 
Yearbook, 
Jansen, R.K. & Palmer, J.D. 1987. Chloroplast DNA from lettuce and 
Barnadesia (Asteraceae): structure, gene localisation and 
characterisation of a large inversion. Curro Genet. 11: 553-564 
Jensen, R.J., Hokanson, S.c., Isebrands, J.G., & Hancock, J.F. 1993. 
Morphometric variation in oaks of the Apostle Islands in Wisconsin: 
evidence of hybridsation between Quercus rubra and Q. ellipsoloidalis 
(Fagaceae). Am. J. Bot. ll: 1358-1366. 
Jessen, K. 1948. Rhododendron ponticum in the Irish interglacial 
flora. Irish Naturalists' Journal 2..: 174-175. 
Jessen, K., Anderson, S.T. & Farrington, A. 1959. The interglacial 
flora. Proceedings of the Royal Irish Academy. 60 B: 1-77 
Judd, S. & Rotherham, I.D. 1992. The phytophagous insect fauna of 
Rhododendron ponticum L. in Britain. The entomologist. 
111(3):134·150. 
239 
Keirn, P., Paige, K.N., Whitham, T.G. & Lark, K.G. 1989. Genetic analysis 
of an interspecific hybrid swarm of Populus: occurrence of unidirectional 
introgression. Genetics 123: 557 -565. 
Kelly, D.L. 1981. The native forest vegetation of Killarney, S.W. Ireland: 
an ecological account. Journal of Ecology 69; 437-472. 
Klier, K., Leoschke, M.J. & Wendel, J.F. 1991. Hybridisation and 
introgression in white and yellow lady slipper orchids (Cypripedium 
candidum and C. pubescens). Journal of Heredity £1..: 305-318. 
Krebs, S.L. 1996. Normal segregation of allozyme markers in complex 
Rhododendron hybrids. Journal of Heredity 87: 131-135. 
Kron, K.A. 
(Ericaceae ). 
1996. Phylogenetic relationships of Rhododendroideae 
Am. J. Bot. 84(7): 973-980. 
Kron, K.A. & Chase, M.W. 1993. Systematics of the Ericaceae, 
Empetraceae, Epacridaceae and related taxa based upon RB CL sequence 
data. Ann. Missouri Bot. Gard. RJl: 735-741. 
Kron, K.A., Gawen, L.M. & Chase, M.W. 1993. Evidence for introgression 
in azaleas (Rhododendron, Ericaceae): chloroplast DNA and 
morphological variation in a hybrid swarm on Stone Mountain, Georgia. 
Am. J. Bot. 80: 1095-1099. 
Krupkin, A.B., Liston, A. & Strauss, S.H. 1996. Phylogenetic analysis of 
the hard pines (Pinus subgenus Pinus, Pinaceae) from chloroplast DNA 
restriction site analysis. Am. J. Bot. 83 (4): 489-498 
Lack, AJ. 1995. Relationships and hybridisation between British 
species of Polygala - evidence from isozymes. New Phytol. 130: 217· 
223 
Lee, N.S., Sang, T., Crawford, S.H.Y. & Kim, S.-C. 1996. Molecular 
divergence between disjunct taxa in eastern Asia and eastern North 
America. Am. J. Bot. 83 (1 0): 1373-1378. 
Lewontin, R.C. & Birch, L.c. 1966. Hybridisation as a source of variation 
for adaptation to new environments. Evolution 20: 315-336. 
Li, W.H. & Graur, D. 1991. Fundamentals of Molecular Evolution. 
Sinauer, Sunderland, MA. 
240 
Linnaeus, C. 1762. Species Plantarum. Ed. II: Asia Minor & Syria, p. 
562. 
Liston, A. & Kadereit, lW. 1995. Chloroplast DNA evidence for 
introgression and long distance dispersal in the desert annual Sen e c i 0 
flavus (Asteraceae). PI. Syst. Evol. 197: 33-41 
Loudon 1838. Arboricetum et Fruticetum Brittanicum. Vol. II, 
Part III, pp1130-1133. London (1844). 
Malecki, R.A., Blossey, B., Hight, S.D., Schroeder, D., Kok., L.T. & Coulson, 
J.R. 1993. Biological control of purple loosestrife. Bioscience 43: 
680-686. 
Mallet, J. 1995. A species definition for the modern synthesis. TREE 
10: 294-299. 
Marchais, L. 1993. Wild pearl millet population (Pennisteum glaucum, 
Poaceae) integrity in agricultural Sahelian areas. An example from Keita 
(Niger). PI Syst. Evol. 189: 233-245. 
Marchant, C.J. 1968. Evolution in Spartina (Graminae). II. 
chromosomes, basic relationships and the problem of S. x townsendii 
agg. Bot J Linn Soc 60: 381 
Michalak, S.C. 1976. Rhododendron ponticum. Unpublished D.H.E. 
thesis, R.B.G. Edinburgh. 
Mogenson, H.L. 
in seed plants. 
1996. The hows and whys of cytoplasmic inheritance 
Am. J. Bot. 83(3): 383-404. 
Moore, W.S. 1977. An analysis of narrow hybrid zones m vertebrates. 
Quart. Rev. Biol.ll:263-278. 
Moulia, C., Ie Brun, N., Loubes, c., Marin, R. & Renand, F. 1995. Hybrid 
vigour against parasites in interspecific crosses between two mice 
species. Heredity 74: 48-52 
Nagle, J.J. & Mettler, L.E. 1969. Relative fitness of introgressed and 
parental populations of Drosophila mojavensis and D. arizonensis. 
Evolution ll: 519-524. 
Nason, J.D., Ellstrand, N.C. & Arnold, M.L. 1992. Patterns of 
hybridisation and introgression in populations of oaks, manzanitas and 
IrISes. Am. J. Bot. 79(1): 101-111. 
241 
Neale, B.D., Saghai-Maroof, M.A., Allard, R.W., Zhang, Q. & Jorgenson, R.A. 
1986. Chloroplast DNA diversity in populations of wild and cultivated 
barley. Genetics 111l: 1105-1110. 
Nilsen, E. T. 1991. The relationship between freezing tolerance and 
thermotropic leaf movement in five Rhododendron species. Oecologia 
.8.1..: 63-71. 
Novak, S.J. & Mack, R.N. 1993. Genetic variation in Bromus tectorum 
(Poaceae): comparison between native and introduced populations. 
Heredity 71: 167 -17 6 
Novak, SJ., Mack, R.N. & Soltis, P.S. 1993. Genetic variation in Bromus 
tectorum (Poaceae): introduction dynamics in North America. Can. J. 
Bot. 71: 1441-1448. 
Olmstead, R.G. & Palmer, J.D. 1994. Chloroplast DNA systematics: a 
review of methods and data analysis. Am. J. Bot. 81(9): 1205-1224. 
Oxford, G.S., TJ. Crawford & Pernyes, K. 1996. Why are capitulum 
morphs associated with other characters in natural populations of 
Senecio vulgaris (groundsel)? Heredity 76: 192-197. 
Paige, K.N., & Capman, W.C. 1993. The effects of host-plant genotype, 
hybridisation and environment on gall-aphid attack and survival in 
cottonwood: the importance of genetic studies and the utility of RFLPs. 
Evolution 47 (1): 36-45. 
Palmer, J.D., Jansen, R.K., Michaels, H.J., Chase, M.W. & James R. Manhart 
1988. Chloroplast DNA and plant phylogeny. Ann. Missouri Bot. 
Gard. 1.5...: 1180-1206. 
Palmer, J.D., Jorgensen, R.A. & Thompson, W.F. 1985. Chloroplast DNA 
variation and evolution in Pis um: patterns of change and phylogenetic 
analysis. Genetics~: 195-213 
Panero, J .L. & Jansen, R.K. 1997. Chloroplast DNA restriction site study 
of Verbesina (Asteraceae: Heliantheae). Am. J. Bot. 84(3): 382-392. 
Pax, D.L., Price, R.A. & Michaels, H.J. 1997. Phylogenetic position of the 
Hawaiian geraniums based on RBeL sequences. Am. J. Bot. 84(1): 
72-78. 
Popova, T.N. 1972. Rhododendron L. In Flora Europaea, 3: 8-9, eds. 
Tutin, T.G., Heywood, V.H., Burges, N.A., Moore, D.M., Valentine, D.H., 
Walters, S.M. & Webb, D.A. Cambridge University Press. 
242 
Potts, B.M. & Reid, J.B. 1988. Hybridisation as a dispersal 
mechanism. Evolution 42(6): 1245-1255 
Powell, W., Morgante, M., Andre, C., McNicol, J.W., Machray, G.C., Doyle, 
J.l., Tingey, S.V. & Rafalski, I.A. 1995a. Hypervariable micro satellites 
provide a general source of polymorphic DNA markers for the 
chloroplast genome. Current Biology i(ll: 1023-1029. 
Powell, W., Morgante, M.,McDevitt, R., Vendramin G.G. & Rafalski, J.A. 
1995b. Polymorphic simple sequence repeat regions in the 
chloroplast genomes: applications to the population genetics of pines. 
Proc. Nati. AcaD. Sci. USA. 92: 7759-7763. 
Pysek, P. & Prach, K. 1995. Invasion dymanics of Impatiens 
glandulifera - a century of spreading reconstructed. Biological 
Conservation 74: 41-48 
Raybould, A.F., Gray, A.J., Lawrence, MJ. & Marshall, D.F. 1991a. The 
evolution of Spartina anglica c.B. Hubbard (Graminae): origin and 
genetic variability. BioI. J. Linn. Soc. 43: 111-126. 
Raybould, A.F., Gray, AJ., Lawrence, MJ. & Marshall, D.F. 1991b. The 
evolution of Spartina anglica C.E. Hubbard (Graminae): genetic 
variation and status of the parental species in Britain. BioI. J. Linn. 
Soc. 44: 369-380. 
Red Deer Commission, 1988. Annual Report. 
Rieseberg, L.H. 1991. Homoploid reticulate evolution in Helianthus 
(Asteraceae): evidence from ribosomal genes. Am. J. bot. 78(9): 
1218-1237. 
Rieseberg, L.H. & Ellstrand, N.C. 1993. What can molecular and 
morphological markers tell us about plant hybridisation? Crit. Revs. 
in PI. Sci. 12(3):213·241. 
Rieseberg, L.H. & Wendel, J.F. 1993. Introgression and its 
consequences in plants. In Hybrid zones and the Evolutionary 
Process, Harrison, R. (ed) pp 70-109. Oxford University Press. 
Rieseberg, L.H., Soltis, D.E. & Palmer, J.D. 1988. A molecular 
reexamination of introgression between Helianthus annuus and H. 
bo lande ri (Compositae). Evolution 42 (2): 227-238. 
Rieseberg, L.H., Beckstrom-Sternberg, S., & Doan, K. 1990a. 
Helianthus annuus ssp. texanus has chloroplast DNA and nuclear 
243 
ribosomal genes of H. debilis ssp cucurnerifolius. Proc Natl. Acad 
Sci. U.S.A. 87: 593-597 
Rieseberg, L.H., Carter, C. & Zona, S. 1990b. Molecular tests of the 
hypothesised hybrid origin of two diploid H elianthus species 
(Asteraceae). Evolution 44(6): 1498-1511. 
Rieseberg, L.H., Choi, H.C & Ham, D. 1991. Differential cytoplasmic 
versus nuclear introgression in Helianthus. Journal of Heredity 
82: 489-493 
Rotherham, I.D. 1986a. The introduction, spread an current 
distribution of Rhododendron ponticurn L. in the Peak District and 
Sheffied area. Naturalist 111: 61- 67 
Rotherham, I.D. 1986b. Rhododendron ponticurn L. in the Sheffield 
area. Sorby Record 24: 19-28 
Rotherham, I.D. 1990. Factors facilitating invasion by Rhododendron 
pont i c urn . in The Biology and Control of Invasive plants: 
proceedings from conference organised by the Industrial Ecology 
Group of the B.E.S. 
Rotherham, I.D. & Read, DJ. 1988. Aspects of the ecology of 
Rhododendron ponticurn with reference to its competitive and 
invasive properties. Aspects of Applied Biology, 16:327-335. 
Rothschild, W. & Jordan, K. 1906. Novit Zoo!. 3, 426-525 
Sakai, A., Fuchigami, L. & Weiser, C.J. 1986. Cold hardiness in the 
genus Rhododendron. Journal of the American Society of 
Horticulture 111: 273-280. 
Sales, F. 1997. Rhododendron ponticurn L.: phytogeography, 
taxonomy and nomenclature. in Plant Life in Southwest and 
Central Asia. Oeztuerk, M., Secmen, Oe. & Gork, G eds. pp. 167-194. 
E.G.E. University Press. 
Sanderson, M.J. & Doyle, J J. 1993. Phylogenetic relationships in 
North American Astragalus (Fabaceae) based on chloroplast DNA 
restriction site variation. Systematic Botany 18 (3): 395-408. 
Schaal, B.A. & Learn, G.H. 1988. Ribosomal vairation within and 
among plant populations. Ann. Missouri Bot. Gard. 75: 1207-
1216 
244 
Schilling, E.E., Panero, J.L. & Eliasson, U.H. 1994. Evidence from 
chloroplast DNA Restriction site analysis on the relationships of Scalesia 
(Asteraceae: Heliantheae). Am. J. Bot. 81 (2): 248-254 
Selby, MJ. (1971). The Surface of the Earth. Volume 2, p.13. 
Cassell, London. 
Simons, P. 1988. The day of the Rhododendron. New Scientist ill..: 
50-54. 
Smith R.L. & Sytzma, K.J. 1990. Evolution of Populus nigra (sect. 
aigerios): introgressive hybridisation and the chloroplast contribution 
Populus alba) Am. J. Bot. 77: 1176-1187 
Soltis, P.S. & Soltis, D.E. 1991. Multiple origins of the allotetraploid 
Tragopogon mirus (Compositae): rDNA Evidence. Systematic 
Botany 16 (3) : 407 -413 
Soltis, D.E. & Kuzoff, R.K. 1995. Discordance between nuclear and 
chloroplast phylogenies in the Heuchera group (Saxifragaceae). 
Evolution 49(4): 727-742. 
Soltis, D.E., Soltis, P.E., Ranker, T.A. & Ness, B.D. 1989. Chloroplast DNA 
variation in a Wild Plant, Tolmiea menziesii. Genetics 121: 819-826 
Soltis, D.E., Soltis, P.E., Collier, T.G. & Edgerton, M.L. 1991. Chloroplast 
DNA variation within and among genera of the He uche ra group 
(Saxifragaceae): evidence for chloroplast transfer and paraphyly. Am. 
J. Bot. 78(8): 1091-1112. 
Soltis, P.S., Soltis, D.E & Doyle, J.J. 1992a. Molecular Systematics of 
Plants. Chapman & Hall, New York/London. 
Soltis, D.E, Soltis, P.S., & Milligan, BJ. 1992b. Intraspecific chloroplast 
DNA variation: systematic and phylogenetic implications. in Molecular 
Systematics of Plants. Soltis, P.S., Soltis, D.E & Doyle, J.J. eds. 
Chapman & Hall, New York/London. 
Soltis, D.E., Gitzendanner, M.A., Strenge, D.D. & Soltis, P.E. (1997). 
Cholorplast DNA intraspecific phylogeography of plants from the Pacific 
Northwest of North America. PI. Syst. Evol. 206: 353-373 
Spethmann, W. (1986). A new infrageneric classififcation and 
phylogenetic trends in the genus Rhododendron (Ericaceae). PI. Syt. 
Evoi. 157: 9-31 
245 
Spooner, D.M. & Castillo T., R. 1997. Reexamination of series 
relationships of South American wild potatoes (Solanaceae: Solanum sect 
Petota): evidence frrom chloroplast DNA restriction site variation. Am. 
J. Bot. 84 (5): 671-685 
Spooner, D.M, Sytsma, K.J. & Smith, J.F. 1991. A molecular 
reexamination of diploid hybrid speciation of Solanum raphanifolium. 
Evolution 45(3): 757-764 
Stace, CA. 1991. New Flora of the British Isles. Cambridge 
University Press, Cambridge. 
Stace, C.A. 1997. New Flora of the British Isles. 2nd Edn. 
Cambridge University Press, Cambridge. 
Standley, L.A. 1990. Allozyme evidence the the hybrid ongm of the 
maritime species Carex salina and Carex recta (Cyperaceae) eastern 
North America. Systematic Botany 15 (2): 182-191. 
Stevens, P.F. 
ed. pp 90-94. 
1978. Rhododendron L. in Flora of Turkey 6, Davis, P. 
Edinburgh University Press. 
Strahler, A.N. & Strahler, A.H. 1987. Modern Physical Geography. 
3rd Edn. John Wiley & Sons. 
Straw, R.M. 1995. Hybridisation, homogamy and sympatric speciation. 
Evolution 2..: 441-444. 
Strefeler, M.S., Darmo, E., Becker, R.L. & Katovich, EJ. 1996. Isozyme 
characterisation of genetic diversity in Minnesota populations of purple 
loosestrife Lythrum salicaria (Lythraceae). Am. J. Bot. 83 (3): 265-
273. 
Stone, G.N. & Sunnucks, P. 1993. Genetic consequences of an invasion 
through a patchy environemment - the cynipid gallwasp Andricus 
quercuscalis (Hymenoptera: Cynipidae). Molecular Ecology 2: 251-
268. 
Swofford, D.L. 1993. PAUP- Phylogenetic Analysis Using 
Parsimony - version 3.1.1. Illinios, Natural History Survey, 
Champaign, USA. 
Swofford, D.L. & Olsen, G.L. 1990 Phylogenetic reconstruction. In 
Molecular Systematics pp41l-501 eds. Hillis, D.M. & Moritz, C. Sinauer 
Associates. 
246 
Sytsma, K.J. & Gottlieb, L.D. 1986. Chloroplast DNA evolution and 
phylogenetic relationships III Clarkia sect Peripetasma. Evolution 
40(62: 1248-1261 
Szmidzt, A.E., EI-Kassaby, Y.A., Sigurgeirsson, A., Alden, T., Lindgren, D. & 
Hallgren, J.E. 1988.. Classifying seedlots of Picea sitchensis and P. 
glauca in zones of introgression using restriction analysis of chloroplast 
DNA. Theor. AppI. Genet. ll: 841-845 
Szymura, J.M. & Barton, N.H. 1986. Genetic Analysis of a hybrid zone 
between the fire-bellied toads, Bombina bombina and B. variegata, near 
Cracow, in southern Poland. Evolution 40: 1141-1159. 
Tagg 1930 in The species of Rhododendron. Stevenson, J.B.(ed.). 
p. 567. London: The Rhododendron Society 
Tilney-Bassett, R.A.E. 1978. The inheritance and genetic behaviour of 
plastids. In: The Plastids, pp 251-524, Kirk, J.T.O. & Tilney-Bassett, 
R.A.E. eds. Eisevier/ N. Holland. 
Turner, J.S. & Watt, A.S. 1939. 
of Killarney, Co. Kerry, Ireland. 
Academy ~: 9-26 
The oakwoods (Quercetum sessiflorae) 
Proceedings of the Royal Irish 
Urbanska, K.M., Hurka, H., Landolt, E. Neuffler, B. & Mummenhoff, K. 
1997. Hybridisitaion and evolution in Cardamine (Brassicaceae) at 
Urnerboden, Central Switzerland: biosystematic and molecular evidence. 
PI. Syst. Evol. 204: 233-256 
Vellekoop, P., Buntjer, J.B., Maas, J.W. & van Brederode, J. 1996. Can the 
spread of agriculture in Eurpoe be followed by tracing the spread of the 
weed Silene latifolia. A RAPD study. Theor. Appl. Genet. 92: 1085-
1090 
Wake, D.B., Yanev, K.P. & Frelow, M.M. 1989. Sympatry and 
hybridisation in a "ring Species": the plethodontid salamander Ensatina 
esc ho ltz ii. In Speciation and its Consequences pp134-158 Eds. Otte 
D. & Endler, J.A. Sinauer Associates, Inc. 
Wallace, R.S. & Jansen, R.K. 1995. DNA evidence for multiple origins in 
intergeneric allopolyploids in annual Microseris (Asteraceae). PI. Syst. 
Evol. 198: 253-265 
247 
Wendel, I.F. & Albert, V.A. 1992. Phylogenetics of the cotton genus 
(Gossypium): character-state weighted parsimony analysis of 
chloroplast-DNA restriction site data and its systematic and 
biogeographic implications. Systematic Botany 17 (1): 115-143 
Wheeler N.C. & Guries, R.P. 1987. A quantitative measure of 
introgression between lodgepole and jack pines. Canadian J. Bot. 
li: 1 8 7 6 - 18 8 5 . 
Whittemore, A.T. & Schaal, B.A. 1991 Interspecific gene flow in 
sympatric oaks. Proc. Natl. Acad. Sci. USA ££: 2540-2544 
Williams, C. Lenney, Goldson, S.L., Baird, D.B. & Bullock, D.W. 1994. 
Geographical origin of an introduced insect pest, Listronotus bonariensis 
(Kuschel), determined by RAPD analysis. Heredity 72: 412-419. 
Wojcicki, 1.1. & Marhold, K. 1993. Variability, hybridisation and 
distribution of Prunus fruticosa (Rosaceae) in Czech Republic and 
Slovenia. Polish. Bot. Stud. i: 9-24 
Wolfe, A.D. & Elisens, W.J. 1995. Evidence of chloroplast capture and 
pollen-mediated gene flow in Penstemon sect. Peltanthera 
(Scrophulariaceae). Systematic Botany 20 (4): 395-412. 
Zimmer, E.A., Iupe, E.R. & Walbot, V. 1988. Ribosomal gene structure, 
variation and inheritance in maize and its ancestors. Genetics 120: 
1125-1136. 
248 
APPENDICES 
249 
A:Q:Qendix 1: Localities and molecular characterisation for individual 
accessions of Rhododendron 120nticum collected from Britain and 
Ireland 
No. Areal Lpcality Gdd Ref. cp- r- Collector (if 
DNA DNA not R.I. Milne) 
(UK-) type2 type3 
1 B Quantock Hills ST 162354 IE pp 
2 W Betws-y-coed SH 79-57- IE pp 
3 W Bryn Gwynant SH 63-51- IE PP 
4 W Blaenau Ffestiniog SH 697467 IL PP 
5 W Llanberis SH 587600 IE PP 
6 W Beddgelert SH 59-48- IE PP 
7 W Rhyn SH 607445 IE PP 
8 W Maentwrog SH 68-40- IE PP 
9 E Esher Common TQ 127624 IE PP 
10 W Llanfwrog SJ 10-56- IE CC 
11 W Ganllwyd SH 72-22- IE PP 
12 W Brithdir SHc.765179 IE PP 
13 W Dolgellau SHc.701186 IE PP 
14 W Mawdach Estuary SH 677182 IE PP 
15 F St Andrews NO 491170 IE PP 
16 E Wotton TQ 129467 IE PP 
17 E Friday Street TQ 125457 IE PP 
18 E Leith Hill TQ 144432 IE PP 
19 E Richmond Park TQ206728 IE PP 
20 E Box Hill TQ206728 IL PP 
21 E Marden Hill TQ497325 IE pp 
22 E Marden Road TQ495324 IE PP 
23 E Marden (Well) TQ494316 IE PP 
24 E Marl Pits TQ 451291 IE PP 
25 E Crowborough TQ500292 IE CC 
26 F Pitscottie NO 423138 IL PP 
27 E Virginia Water SU 985696 IE PP 
28 L Patterdale NY 385156 IE PP 
29 L Lancaster (M6) SD 51-62- IE PP 
30 E Chobham TQ008655 IE PP 
31 IL Macclesfield SK 97-71-? IL PP A.J. Lowe 
32 F Bankshead Moss NO 446100 IE PP 
33 E Sunningdale SU 975661 IL PP 
34 C Lochluichalt NH 337634 IE PP 
35 C Achnasheen NH 144586 IL PP 
36 C Glen Docherty NH 041611 IE PP 
37 C N. Torridon NG 876 573 IE PP 
38 C S Torridon NG 854541 IE PP 
39 C Loch Cluanie NH 21-09- IE PP 
40 C Glen Garry NH 279018 IE CC 
41 C FOlt William NN 144773 IE CC 
42 L Borrowdale NM 888815 IE PP 
43 C Loch Ailort NM762814 IE PP 
44 E Wimbledon TQ223712 IE PP 
45 C Acharacle NM 68-67- IE PP 
46 E Nutfield TQ322250 IE PP 
47 C Ardnamurchan NM 60-60- IE PP 
48 C Corran Ferry NN 022631 IE PP 
49 C Ballachulish Bridge NN 05-49- IE PP 
50 C Balcadine NM 94-51- IE PP 
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51 C Knoydart NM780996 IL PP R.A. King 
52 K Trossachs NN 50-48- IE PP 
53 F Blidge of Earn NO 162187 IE PP 
54 C Loch Long NN 28-04- IE PP A.J. Lowe 
55 B Long Ashton ST 546717 IE PP 
56 K Glen Lyon NN 528456 IE PP 
57 K Glen Lyon (Balgie) NN 573466 IE PP 
58 K Glen Lyon (Axle) NN 692476 IE PP 
59 K Dunkeld NO 017432 IE PP 
60 I Raasay NG 55-36- IE PP R.G. Rocks 
61 K Glen Lyon NN 713476 IE PP S.F. Nicolson 
62 K Forfar NO 43-54- IE PP L.c. Smith 
63 K Drummond Hill NN 77-47- IE PP J.G. Polhill 
64 K Invervar NN 664484 IE PP 
65 F Strathkinness NO 463149 IE PP 
66 C Kinglass NN 10-18- IE PP 
67 N Furnace Minord NR 97-95- IE PP 
68 N Ardcastle NR 94-92- IE PP 
69 N Stonefield NR c.859721 IE PP 
70 N Grogport NR 82-50- IE PP 
71 N Carradale NR 795375 IE PP 
72 N Camp beltown NR 727191 IE PP 
73 I Lochranza NR 923505 IE PP 
74 E Esher Common TQ 138616 IL PP 
75 C Rowardennan NS 358999 IE PP 
76 F Tentsmuir NO 480237 IE PP 
77 W Bosherston SR 979965 IE PP 
78 W Olielton, Pembroke SR 955992 IE PP 
79 K Killiekrankie NN 88-60- IE 7 J. Parry 
80 K Killiekrankie NN 91-60- IE PP K. Longbottom 
81 L Blea Tarn NY 292043 IE PP 
82 L Elterwater NY 319044 IL CC 
83 L Tam Hows NY 32-99- IE PP 
84 A Saltburn NZ 64-20- IE PP T. Tabner 
85 C Ardgatten NNc.255040 IE PP 
86 C Arrochat· NN 277037 IE PP G.A. Turnbull 
87 K Loch Laggan Road NN 587912 IE PP 
88 C Balmacarra NG 80-27- IE PP 
89 I Sligachan, Skye NG 488296 IE CC 
90 I Dunvegan, Skye NG 246495 IL CC 
91 C Eilann Donan NG 883261 IE CC 
92 K Aberleldy Road NN 88-51- IE CC 
93 K Pitnacree NNc.931537 IE PP 
94 K Faskally water NN 919599 IE PP 
95 C Lael Plantation NH 202782 IE PP 
96 C Ullapool North NH 114962 IE PP 
97 F Paddock Wood NO c.216201 IE PP 
98 A Langholm (A 7) NY 369832 IE CC 
99 N Kilmartin NM 842007 IE PP 
100 A Harwood NY 97-90- IE PP 
101 A Northumblia NT 92-05- IE PP 
102 A Harbottle NT 94-04- IE PP 
103 A Hadlian's Wall NY 755681 IE PP 
104 K Glenshee NO 1047057 IE 00 
105 K Glamis Castle NO 382467 IE CC 
106 C Ratagan, Glenelg NG 806180 IE PP 
107 C Ratagan, Totaig NG 87-25- IL PP Parry /Nicolson 
108 F Edinburgh NT 252758 IE PP 
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109 K Glen Lyon NN 576468 IE PP S.F. Nicolson 
110 K Glen Lyon NN 699473 IL PP G.A. Turnbull 
111 K Locheamhead NN 575224 IE CC 
112 K Blair Atholl NN 85-65- IE CC J.A. Knowles 
113 F Kemback NO 420150 IE PP 
114 L Ravens Barrow SD 404881 IE PP 
115 L Great Green Hows SD 360896 IL PP 
116 L Graythwaite SD 372906 Y CQ 
117 N Tayvallich NR 76-88- IE PP L. Humphries 
118 L Manesty Park NY 251197 IE PP 
119 L Derwent Water NY 267194 IE PP 
120 F Wallace Memorial NS 808957 IE PP 
121 F Yetts'o'Muckhart NO 006016 IE PP 
122 F Dunino Den NO 536112 IE PP 
123 F Dollar NT 0--9-- IE PP 
124 K Trossachs NN 530074 IE CC 
125 B New Forest, Beaulei SU 33-08- IE PP 
126 B Shatterford SU 34-05- IE PP 
127 I Rhum NM40-99- IE PP J. Bailey 
128 B Brockenham SU 27-05- IE PP 
129 B New Forest, Bank SUc.272069 IE PP 
130 B Lyndhurst Road SU31-08- IE PP 
131 B Southampton SU 423164 IE PP 
132 E Sheen Common TQ 196747 IE PP 
133 Y Sheringham TG 172414 IL PP 
134 Y Sheringham TG 174419 IE PP 
135 Y Sheringham TG 129417 IE PP 
136 Y Sheringham TG 121467 IE PP 
137 Y Kelling Heath TG 104392 IE PP 
138 Y Thetford TL 839840 IE PP 
139 Y Brandon TL 827842 IL PP 
140 A Glindleford SK 235783 IE PP 
141 A CalverHill SK 241740 IE PP 
142 A Goatscliff SK 23-76- IE PP 
143 A EyamEdge SK 208779 IE PP 
144 K Cormie NN 786225 CB PP R.J. Savage 
145 I Raasay NG 562361 IE PP 
146 K Garve NH 388623 IE PP 
147 K Lochnagar NO 276825 IE PP 
148 K River Earn NN 745217 IL PP 
Ireland: 
Ik1 M Muckross Abbey V967867 IE PP 
Ik2 M Muckross Lake V958860 IE PP 
Ik3 M Meeting of Waters V938851 IE PS 
Ik4 M Torc Mountain V96-84- IE PP 
Ik5 M Five Mile Bridge V935841 IE PP 
Ik6 M Rosnahowgarry V968850 IE PP 
Ik7 M Knockreer Golf V94-91- IE PP 
Ik8 M Arbutus Cottage V877858 IL PP 
Ik9 M Auger Lake V875855 IE PP 
IklO M TomiesWood V900892 IE PP 
Ik11 M Torc Waterfall V965847 IE PP 
Ik12 M Bog Bay V942849 IE PP 
Ik13 M Doo Lough V946864 IE PP 
Co14 M Canal Bridge L801474 IE PP 
Co15 M Lissoughter L841482 IE PP 
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Co16 M Lissoughter (bog) L842483 IL PP 
Co17 M Quay L845534 IE PP 
Co18 M L. Inagh Forest L83l529 IE PP 
Co19 M Denyclare L83950- IL PP 
C020 M Ballynahinch L768467 IE PP 
C02l M Lettelfrack L709583 IE PP 
C022 M Letterfrack SE L7l2585 IE PP 
C023 M Diamond Hill L7l4588 IE PP 
C024 M Tullyweek Bridge L725585 IE PS 
C025 M Pollacappul Rd. L742581 IE PP 
C026 M L. Pollacappul L747581 IE PP 
C027 M Ky1emore Abbey L749585 IE PP 
C028 M Kylemore track L75l585 IE PP 
C029 M Kylemore end. L756582 IE PP 
1: The letters indicate areas (sect. 2.1.1) as follows: C = W. Scotland; N = Knapdale & 
Kintyre; I = Scottish Islands; F = Fife & Lowlands; K = E. Scotland; A = N. England; L = 
Lake District; W = Wales; Y = East Anglia; E = SE. England; B = S. England; M = Ireland. 
Letters before Irish accession numbers indicate the Killarney National Park (lk) or the 
Connemara area (Co). 
2: As determined in Chapter 4. 
3: As determined in Chapter 5. 
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At'1t'1endix 2a: Iberian accessions of Rhododendron 120n ticum and the 
enzyme/t'1robe combinations with which they were successfully examined. 
Enzyme & Probe 
Hpa2 Bell Bgl2 Smal Bgll EcoRl Dral Dral+ 
Sstl 
pLsC pLsC pLsC pLsC pLsC pLsC pLsC 
8-11 2 2 2 1 8-11 8-11 pTa7l 
Accession 
HAl IL + + PP 
HA2 IL + PP 
HA3 IL + PP 
HA4 IL + + PP 
HBl IL + PP 
HCl IE + + PP 
HC2 IL + PP 
HDl IL + + + PP 
HD2 IL + PP 
HD3 IL + PP 
HEl IL + + PP 
HE2 IL 
HFl IL + PP 
HKl IL + PS 
HMl IL + PP 
HM2 IL + + PP 
HM3 IL + + + + PP 
HNl IL + + PP 
HN2 IL + + + + pp 
HN3 IL + PP 
HPl IL + PP 
HP3 IL + PP 
HP4 IL + + + + PP 
HQl IL + PP 
HQ2 IL + PP 
HQ3 IL + + + + + + PP 
HQ4 IL + + + + PP 
HQ5 IL + PP 
HRl IL PP 
HR2 IL + PP 
HTl IL PP 
HT2 IL + PP 
HT4 IL + + + PP 
HSl IE + PP 
HS2 IE + + + PS 
HS3 IE + PP 
HS4 IE + PP 
HS5 IE + PP 
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HXl 
HX2 
HX3: 
HYI 
HY2 
HY3 
HY4: 
HZ2 
HZ3 
HZ4 
HZ5 
HZ6 
HZ7. 
HV3 
HV6 
HI 
H2 
H3 
H4 
H6 
H7 
H8 
HID 
Total 
Hpa2 
pLsC 
8-11 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IE 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
IL 
61 
Bell 
pLsC 
2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
58 
Bgl2 
pLsC 
2 
+ 
+ 
+ 
+ 
+ 
13 
Smal 
pLsC 
2 
+ 
+ 
+ 
9 
Bgll 
pLsC 
1 
+ 
+ 
+ 
+ 
12 
EcoRl Dral Dral / Sstl 
pLsC pLsC 
8-11 8-11 
+ + 
+ 
+ + 
+ 
+ 
8 5 
pTa71 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
pp 
59 
+ indicates that the accession was successfully examined with this enzyme/ probe combination 
and found to match haplotypes IL and IE (see Chapter 4) 
- indicates that the accession was not successfully examined with this enzyme/probe 
combination. 
IL indicates that the accession was successfully examined with Hpa2/pLsC8-11 and found to 
match haplotype IL. 
IE indicates that the accession was successfully examined with Hpa2/pLsC8-11 and found to 
match haplotype IE 
PP indicates that the accession was successfully examined with both Dral/pTa71 and 
Sstl/pTa71 and found to match rDNA-type PP (Chapter 5). 
PS indicates that the accession was successfully examined with both Dral/pTa71 and 
Sstl/pTa7l and found to match rDNA-type PS (Chapter 5). 
X indicates that the accession was successfully examined with this enzyme/probe combination 
and produced a RFLP profile which did not match haplotype TA (see table 4.3.8b, Chapter 4) 
255 
A}2}2endix 2b: Turkish accessions of Rhododendron 120ntieum and the 
enzyme/}2robe combinations with which they were successfully examined. 
Enzyme & Probe (pLsC) 
Hpa2 Bell Bgl2 Smal Bgl1 EeoRl Dral 
8-11 2 2 2 1 8-11 8-11 
Accession l 
ChO + + 
Ch3 + + 
Ch4 + + + + + + 
Svl + + + 
Sv2 + + + 
Sv3 + + + 
Sv4C + 
Sv6E + 
Av12B + + + 
Av12C + + + 
Av13A + + + 
Av14 + + 
Av16 + + 
Av17 + + + + 
Mst3 + + + + + 
St-P2 + + + 
DM-P2 + + + 
DM-P3 + + + 
DM-P4 + 
TDS-P3 + + 
TDS-P4 + + 
TD-YP + + 
TDA-Pl + + + + 
TDA-P2 + + 
TDA-P3 + + 
TD-X7 + + 
TD-X8 + + 
TD-X9 + + 
TD-Xl0 + + 
TD-Xll + + 
TD-X12 + + 
TD-X13 + + 
TD-X14 + + 
TD-X1S + + 
TD-X16 + + 
TD-X17 + + 
TD-X18 + + 
TD-X19 + + 
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Hpa2 Bell Bg12 Sma1 Bgll EcoR1 Dra1 
8-11 2 2 2 1 8-11 8-11 
TD-X20 + + 
TD-X21 + + 
TD-X22 + + 
TD-X23 + + 
TD-X24 + + 
Ik1 + + + + + + + 
Ik2 + + + + + + 
Ik3 + + + + + 
Hopa + + + + + 
TB1 + + + + + 
TB2 + + + + + 
TB3 + + + 
TB4 + X + + + + 
TB5 + + + + + 
TEWC1 + + X + 
TEWC2 + + + 
TEWC3 + + + + + 
TEB1 + + + + 
TEB2 + + + 
TEB3 + X + + + + + 
Ky1 + + + + + 
Ky2 + + + + 
Ky3 + + + + 
Ky1 + + + + 
Total 58 31 23 10 22 6 43 
+ indicates that the accession was successfully examined with this enzyme/probe combination 
and found to match haplotype T A (see Chapter 4) 
- indicates that the accession was not successfully examined with this enzyme/probe 
combination. 
X indicates that the accession was successfully examined with this enzyme/probe combination 
and produced a RFLP profile which did not match haplotype TA (see table 4.3.8b, Chapter 4) 
1 The letter codes before Turkish accessions indicate localities (described in Chapter 6) as 
follows: Ch & Sv = Camlihemsin; Av = Artvin; Mst & St = Savval Tepe; DM-P = Tiryal Daga (c. 
1400 m); TDS-P = Tiryal Daga (c. 1600 m); TDA-P, TD-YP & TD-X = Tiryal Daga (c. 1750 m); 
Hopa = Hopa; Ik = lkisdere; TB = Bolu; TEWC & TEB = Istranca Daglari; Ky = Kiyikoy. 
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